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(54) Image recording method and image recording apparatus 

(57) The image recording method and apparatus 
(10) are used to record an image formed by a group of 
light source elements (12) disposed in a two-dimension- 
al manner corresponding to recording pixels on a re- 
cording medium (Pt). In the image recording method 
and apparatus, an image recording position on the re- 
cording medium by the group of light source elements 
is moved in a direction that contains a component in at 
least one of two-dimensional disposing directions of the 
group of light source elements during the recording 
while modulating, in response to the movement, each 
recording pixel of the group of light source elements in 
accordance with an image to be recorded to thereby 
record the image on the recording medium. The image 
recording position is moved in accordance with a set 
magnification for changing the resolution per recording 
pixel of the group of light source elements. Further, the 
image recording position is moved by giving a relative 
speed difference between the relative movement of the 
group of light source elements and the recording medi- 
um and the tracking of the relative movement made by 
the image recording position by the group of light source 
elements. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to the technical 
field of an image recording method and an image re- 
cording apparatus that use two-dimensionally arranged 
light sources such as a combination of a two-dimension- 
al spatial light modulator and a light source. 
[0002] In more detail, the present invention relates to 
an image recording method and an image recording ap- 
paratus that make it possible to change resolution with- 
out using a zoom lens or a plurality of focusing optical 
systems during image recording that uses two-dimen- 
sionally arranged light sources. 
[0003] Also, the present invention relates to-an image 
recording method and an image recording apparatus 
that make it possible to correct aberration in an optical 
system and various kinds of errors in the optical system 
without using a zoom lens or a plurality of focusing op- 
tical systems during image recording that uses two-di- 
mensionally arranged light sources. 
[0004] Further, the present invention relates to an im- 
ago recording method and an imago recording appara- 
tus that make it possible to suitably correct shading dur- 
ing image recording that uses two-dimensionally ar- 
ranged light sources. Therefore, when applied to the 
printing field or the like, for instance, the image recording 
method and the recording apparatus make it possible to 
create a printing plate having an accurate dot area ratio. 
[0005] Mainly used in a digital image exposure sys- 
tem utilized in various types of printers and the like is a 
so-called laser beam scan exposure (raster scan) for 
two-dimensionally exposing a recording medium with a 
laser beam modulated in accordance with an image to 
be recorded by deflecting the laser beam in amain scan- 
ning direction while relatively moving the recording me- 
dium and an optical system in an auxiliary scanning di- 
rection perpendicular to the main scanning direction. 
[0006] In contrast to this, in recent years, there have 
been proposed various kinds of digital image recording 
apparatuses that use spatial light modulators (SLMs) 
having two-dimensional pixel arrangement, such as a 
liquid crystal display (hereinafter referred to as the 
"LCD"), a micromirror array (hereinafter referred to as 
the "MMA") that is called a digital micromirror device™ 
(DMD™), and the like that are used as display means 
in displays, monitors., and the like. 
[0007] In such image recording apparatuses, image 
recording is basically performed by exposing a record- 
ing medium through the projection/focusing of an image 
formed by a spatial light modulator on the recording me- 
dium. 

[0008] As an example of image recording using the 
MMA, FIGs. 30A to 30C show the outline of image re- 
cording disclosed in US 5049901 B, EP 0992350A1 A, 
and the like. 

[0009] As is publicly known, an MMA 100 is a two- 



dimensional spatial light modulator constructed by two- 
dimensionally disposing a plurality of micromirrors 
(hereinafter referred to as the "mirrors") 1 02 that are ca- 
pable of being modulated (activated/deactivated) 
5 through independent rocking. Also, this MMA 100 per- 
forms image recording by focusing light emitted from an 
unillustrated light source and reflected by an activated 
mirror 102 (in an image recording state) on a recording 
medium Pt using a focusing optical system 104. 

10 [0010] In the example shown in FIGs. 30A to 30C, the 
recording medium Pt is conveyed in a scanning direction 
(direction shown by the arrow in FIGs. 30A to 30C) that 
coincides with one of pixel array directions (directions 
in which the mirrors 1 02a to 102c are disposed in FIGs. 

is 30Ato30C)oftheMMA100. 

[0011] In FIG. 30A, among the mirrors of the MMA 
100, the mirror 102a is activated and other mirrors 102 
are deactivated. Therefore, only light reflected by the 
mirror 102a is focused on the recording medium Pt and 

20 -an image is recorded at this position (shaded position). 
[0012] When the recording medium Pt is conveyed 
and the position, at which the image has been recorded 
by the mirror 1 02a, moves, the mirror 1 02a is deactivat- 
ed and only the mirror 102b is activated in accordance 

25 with this movement, as shown in FIG. 30B. By doing so, 
the image is recorded at the same position on the re- 
cording medium Pt, When the recording medium Pt is 
further conveyed, the mirror 1 02b is deactivated and on- 
ly the mirror 102c is activated, as shown in FIG. 30C. 

30 By doing so, the image is recorded at the same position. 
[0013] That is, with this image recording method, the 
image displayed by the MMA 100 is moved (shifted) in 
the scanning direction by switching an image display by 
the MMA 100 in accordance with the conveyance of the 

35 recording medium Pt. By doing so. the image is made 
to track and remain stationary on the conveyed record- 
ing medium Pt. As a result, two-dimensional image re- 
cording is performed through multiplex exposure by the 
plurality of mirrors 102. 

40 [0014] Note that in an image recording apparatus that 
forms an image using an optical system like this con- 
structed from a light source and a spatial light modulator 
or using light sources arranged in a two-dimensional 
manner (these light sources will be hereinafter collec- 

45 tively referred to as the "two-dimensionally arranged 
light sources") and projects/focuses this image on a re- 
cording medium, the resolution of an image to be re- 
corded is determined by the resolution (pixel pitch) of 
the two-dimensionally arranged light sources and the 

50 magnification of a focusing optical system. 

[0015] Therefore, in order to perform image recording 
at a plurality of resolutions that are not in multiple rela- 
tion to each other (at 2540 dpi, 2438 dpi, and 2400 dpi, 
for instance), it is required to prepare a zoom lens or 

55 focusing lenses whose number is determined in accord- 
ance with the resolution of an image to be recorded. As 
a result, the apparatus construction becomes complicat- 
ed and this construction is disadvantageous from the 
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viewpoint of cost and space. 

[0016] Also, in the case where the resolution of the 
two-dimensionally arranged light sources or the magni- 
fication of the optical system deviates from a design val- 
ue, there occurs a problem that the resolution of an im- 
age to be recorded becomes different from a design val- 
ue and it is impossible to correct this error in the reso- 
lution. 

[0017] The error in resolution like this also occurs in 
a like manner even in the case where there exists an 
error in the speed of the main scanning or the auxiliary 
scanning, in the case where there occurs an error in the 
size of a recording medium or a machine part due to an 
environmental fluctuation concerning the temperature, 
humidity, or the like, in the case where there exists an 
error in the diameter of a drum if there is used a drum 
scanner, and in other similar cases. 
[0018] Also, an image of the two-dimensionally ar- 
ranged light sources projected on a recording medium 
is distorted due to the distortion aberration (of barrel 
type, pincushion type, or the like) possessed by an op- 
tical system. Therefore, there occurs an error in the po- 
sition of each pixel, which results in the occurrence of 
stripo-shapcd unovonncss in an imago, blur in an edge 
portion, and the like. As a result, there is degraded im- 
age quality. Further, there is a case where an image is 
distorted because a recording medium is held on a 
round surface and such image distortion is a problem 
that also occurs in a like manner in the case where there 
is recognized irregularity in the disposal of the two-di- 
mensionally arranged light sources. 
[0019] Also, in the image recording apparatus de- 
scribed above that forms an image using the two-dimen- 
sionally arranged light sources and projects/focuses this 
image on a recording medium, there is a case where 
there occurs an error in the focusing position of each 
pixel, an error in the size of each pixel, an error in the 
light quantity of each pixel, and the like on a focusing 
surface due to various factors (these errors will be here- 
inafter collectively referred to as the "shading"*). 
[0020] For instance, as is publicly known, the accura- 
cy of a focusing optical system tends to be reduced in 
a direction from an optical axis to a peripheral portion. 
As a result, the focusing position of each pixel is shifted 
in accordance with the position of the pixel, which caus- 
es a microscopic error in the size of an image and a local 
fluctuation in an image area ratio. Also, the size error of 
each pixel focused on the recording medium Pt is in- 
creased toward the peripheral portion (in usual cases, 
the pixel size is increased). As a result, the microscopic 
image size error occurs in a like manner, which causes 
a local fluctuation of the image area ratio in a like man- 
ner. For instance, a local fluctuation of the image area 
ratio like this becomes the locality of a dot area ratio 
(local fluctuation of the dot area ratio) in the case of a 
printing use. 

[0021 ] Further, the light quantity on the recording me- 
dium Pt also tends to be reduced in the direction from 



the optical axis to the peripheral portion, which causes 
the unevenness of an exposing amount (=unevenness 
of a density) and the like. 

[0022] It is possible to correct the shading like this by 
5 locally changing the exposing amount. 

[0023] However, in the case of image recording that 
uses the two-dimensionally arranged light sources, it is 
required to control the exposing amount for each pixel 
in order to correct the shading, but it is substantially im- 
possible to adjust the light quantity for each pixel. There- 
fore, the exposing amount control for the shading cor- 
rection is necessarily performed through pulse modula- 
tion, so that it is required to perform very high-speed 
modulation. This means that the realization of the shad- 
ing correction is difficult. 

[0024] Also, the shading correction through exposing 
amount control is basically a correction where the light 
quantities of all pixels are corrected to be identical with 
the smallest light quantity of the pixels. This results in a 
situation where the exposing light is necessarily wasted 
and each light source is required to have higher output 
performance. As a result, an increase in cost is inevita- 
ble. 



[0025] The first object of the present invention is to 
solve the aforementioned conventional problems and to 
provide an image recording method and an image re- 
cording apparatus that uses the image recording meth- 
od, where during image recording that uses two-dimen- 
sionally arranged light sources (such as an optical sys- 
tem obtained by combining a light source and a two-di- 
mensional spatial light modulator like a micromirror ar- 
ray (MMA), an optical system that forms an image using 
dot-shaped light sources disposed in a two-dimensional 
manner, or the like), the image recording method makes 
it possible to record an image at an arbitrary resolution 
irrespective of the resolution of the two-dimensionally 
arranged light sources and the magnification of a focus- 
ing optical system and also makes it possible to signifi- 
cantly reduce image quality degradation caused by the 
aberration error possessed by the optical system or the 
like. 

[0026] The second object of the present Invention is 
to solve the aforementioned conventional problems and 
to provide an image recording method and an image re- 
cording apparatus, where during image recording that 
uses the two-dimensionally arranged light sources de- 
scribed above, the image recording method and image 
recording apparatus make it possible to obtain a high- 
quality image that docs not contain image quality deg- 
radation caused by the aberration of an optical system, 
an error,, or the like. 

[0027] The third object of the present invention is to 
solve the aforementioned conventional problems and to 
provide an image recording method and an image re- 
cording apparatus, where during image recording that 
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uses the two-dimensionally arranged light sources de- 
scribed above, the image recording method and image 
recording apparatus make it possible to perform the re- 
cording of a high-quality image where shading that will 
cause a local fluctuation of an image area ratio or the 
like is appropriately corrected without performing the 
control of an exposing amount and the like through pulse 
modulation. 

[0028] In order to attain the first object described 
above, the first aspect of the present invention provides 
an image recording method for recording an image 
formed by a group of light source elements disposed in 
a two-dimensional manner on a recording medium, 
comprising moving an image recording position on the 
recording medium by the group of light source elements 
in a direction that contains a component in at least one 
of two-dimensional disposing directions of the group of 
light source elements during the recording in accord- 
ance with a set magnification forchanging resolution per 
recording pixel of the group of light source elements and 
modulating, in response to the movement, each record- 
ing pixel of the group of light source elements in accord- 
ance with an image to be recorded to record the image 
on the recording medium. 

[0029] In addition, the first aspect of the present in- 
vention provides an image recording apparatus com- 
prising two-dimensionally arranged light sources includ- 
ing a group of light source elements corresponding to 
recording pixels arranged in a two-dimensional manner, 
a moving means for moving an image recording position 
on a recording medium by the group of light source el- 
ements in a direction that contains a component in at 
least one of recording pixel array directions of the group 
of light source elements during the recording in accord- 
ance with a set magnification forchanging resolution per 
recording pixel of the group of light source elements of 
the two-dimensionally arranged light sources, and a 
modulating means for modulating each recording pixel 
of the group of light source elements in accordance with 
an image to be recorded in response to the movement 
of the image recording position by the moving means. 
[0030] Preferably, in the first aspect of the present in- 
vention, the moving means moves the image recording 
position in a direction that contains components in both 
of the recording pixel array directions of the group of 
light source elements of the two-dimensionally arranged 
light sources. Further preferably, the moving means 
moves the image recording position in units of the re- 
cording pixels of the group of light source elements of 
the two-dimensionally arranged light sources, and the 
image recording position is moved by b pixels if the im- 
age recording position is moved in an A direction and is 
moved by a pixels if the image recording position is 
moved in a B direction where one of the recording pixel 
array directions of the group of light source elements is 
the A direction, the other of the recording pixel array di- 
rections is the B direction, a resolution changing mag- 
nification in the A direction is a, and a resolution chang- 



ing magnification in the B direction is b. And, preferably, 
the modulating means performs modulation axb times 
through equal time-division during the moving of the im- 
age recording position by the moving means and per- 
5 forms the movement of the image recording position 
such that it is moved by b pixels if the image recording 
position is moved in the A direction and is moved by a 
pixels if the image recording position is moved in the B 
direction. Preferably, a moving pixel number in the A di- 
10 rection and a moving pixel number in the B direction are 
alternatively set to one and an integer equal to or larger 
than two or are set to integers that are equal to or larger 
than one and are prime to each other. 
[0031 ] It is preferable that the image recording appa- 
'5 ratus further comprises a main scanning means for rel- 
atively moving the two-dimensionally arranged light 
sources and the recording medium in a main scanning 
direction that coincides with one of the recording pixel 
array directions of the group of light source elements of 
the two-dimensionally arranged light sources, an auxil- 
iary scanning means for relatively moving the two-di- 
mensionally arranged light sources and the recording 
medium in an auxiliary scanning direction perpendicular 
to the main scanning direction, and a tracking means for 
allowing the image recording position by the two-dimen- 
sionally arranged light sources to track the relative 
movement of the two-dimensionally arranged light 
sources and the recording medium by the main scan- 
ning means, wherein an image is recorded by disposing 
images by the two-dimensionally arranged light sources 
in the main scanning direction and the- auxiliary scan- 
ning direction. Preferably, the main scanning direction 
and the auxiliary scanning direction coincide with the A 
direction and the B direction, respectively. 
[0032] Further in order to attain the first object de- 
scribed above, the second aspect of the present inven- 
tion provides an image recording apparatus comprising 
two-dimensionally arranged light sources including a 
group of light source elements corresponding to record- 
ing pixels arranged in a two-dimensional manner, a main 
scanning means for relatively moving the two-dimen- 
sionally arranged light sources and a recording medium 
in a main scanning direction that coincides with one of 
recording pixel array directions in the group of light 
source elements of the two-dlmensionally arranged light 
sources, an auxiliary scanning means for relatively mov- 
ing the two-dimensionally arranged light sources and 
the recording medium in an auxiliary scanning direction 
perpendicular to the main scanning direction, a tracking 
means for allowing an image recording position by the 
group of light source elements of the two-dimensionally 
arranged light sources to track the relative movement of 
the two-dimensionally arranged light sources and the re- 
cording medium, a moving means for moving the image 
recording position by the two-dimensionally arranged 
light sources in a direction that contains a component in 
at least one of the main scanning direction and the aux- 
iliary scanning direction by giving a relative speed dif- 
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ference between the tracking by the tracking means and 
the relative movement of the two-dimensionally ar- 
ranged light sources and the recording medium, and a 
modulating means for modulating each recording pixel 
of the group of light source elements of the two-dimen- 
sionally arranged light sources in accordance with an 
image to be recorded in response to the movement of 
the image recording position by the moving means. 
[0033] In the second aspect of the present invention, 
preferably, the moving means moves the image record- 
ing position in a direction that contains components in 
both of the recording pixel array directions of the group 
of light source elements of the two-dimensionally ar- 
ranged light sources. Preferably, the tracking means 
and the moving means are a light deflector that deflects 
projection light of the two-dimensionally arranged tight 
sources at an angle with respect to the main scanning 
direction, and the modulating means doubles as the 
tracking means by moving image display by the two-di- 
mensionally arranged light sources in the main scanning 
direction. And, further preferably, provided that a relative 
moving speed by the main scanning means is Vy, a rel- 
ative moving speed by the auxiliary scanning means is 
Vx, a time taken to move the image recording position 
by the moving means is T, an angle between the moving 
direction of the image recording position by the moving 
means and the main scanning direction is 8. a moving 
distance of the image recording position by the moving 
means in the main scanning direction is AY, and a mov- 
ing distance of the image recording position by the mov- 
ing means in the auxiliary scanning direction is AX, the 
following equation is satisfied. 

tane = (VxT ± AX) / (VyT ± AY) . 

[0034] In order to attain the first object described 
above, the third aspect of the present invention provides 
an image recording method for recording an image 
formed by a group of light source elements disposed in 
a two-dimensional manner on the recording medium, 
comprising moving an image recording position by the 
group of light source elements on a recording medium 
in a direction that contains a component in at least one 
of two-dimensional disposed directions of the group of 
light source elements during the recording, and modu- 
lating, in response to this movement, each recording 
pixel of the group of light source elements in accordance 
with an image to be recorded to record the image on the 
recording medium. 

[0035] And, the third aspect of the present invention 
provides an imago recording apparatus comprising two- 
dimensionally arranged light sources including a group 
of light source elements corresponding to recording pix- 
els arranged in a two-dimensional manner, a moving 
means for moving an image recording position by the 
group of light source elements of the two-dimensionally 
arranged light sources on a recording medium in a di- 



rection that contains a component in at least one of re- 
cording pixel array directions of the group of light source 
elements of the two-dimensionally arranged light sourc- 
es during recording, and a modulating means for. in re- 
5 sponse to the movement of the image recording position 
by the moving means, modulating each recording pixel 
of the group of light source elements of the two-dimen- 
sionally arranged light sources in accordance with an 
image to be recorded. 
w [0036] In the third aspect of the present invention, 
preferably, the moving means moves the image record- 
ing position in a direction that contains components in 
both of the recording pixel array directions of the group 
of light source elements of the two-dimensionally ar- 
15 ranged light sources. Preferably, provided that one of 
the recording pixel array directions of the group of light 
source elements of the two-dimensionally arranged light 
sources is an A direction, the other of the recording pixel 
array directions is a B direction, a recording pixel pitch 
in the A direction is Ap, a recording pixel pitch in the B 
direction is Bp, amoving amount of the image recording 
position by the moving means in the A direction is As, a 
moving amount of the image recording position by the 
moving moans in the B direction is Bs, As/Ap=m, and 
Bs/Bp=n, m and n are each an integer equal to or larger 
than one. 

Further, preferably, m and n are alternatively set to one 
and an integer equal to or larger than two, or are set to 
integers that are equal to or larger than one and are 
prime to each other, and the modulating means per- 
forms the modulation a number of times, which is square 
of greater one of m and n, through equal time-division 
during the movement of the image recording position by 
the moving means. Preferably, when Ap and Bp differ 
from each other and t that is an integer is obtained under 
a condition of Bp/m=q and Ap/q=t when m>n and is ob- 
tained under a condition of Ap/n=q and Bp/q=t when 
m<n, during the movement of the image recording po- 
sition by the moving means, the modulating means per- 
forms the modulation m*t times through the equal time- 
division when m>n and performs the modulation n't 
times through the equal time-division when m<n. 
[0037] It is preferable that the image recording appa- 
ratus further comprises a means for performing main 
scanning where the two-dimensionally arranged light 
sources and the recording medium are relatively moved 
in a direction, a means for performing auxiliary scanning 
where the two-dimensionally arranged light sources and 
the recording medium are relatively moved in an auxil- 
iary scanning direction perpendicular to the main scan- 
ning direction, and a tracking means for allowing the im- 
age recording position by the two-dimensionally ar- 
ranged light sources approximately to track the main 
scanning and the auxiliary scanning, wherein an image 
is recorded by disposing images by the two-dimension- 
ally arranged light sources in the main scanning direc- 
tion and the auxiliary scanning direction, and the image 
recording position is moved by a relative speed differ- 
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ence between the approximate tracking by the tracking 
means and at least one of the main scanning and the 
auxiliary scanning. Preferably, the main scanning direc- 
tion and the auxiliary scanning direction coincide with 
the A direction and the B direction. 
[0038] In order to attain the second object described 
above, the fourth aspect of the present invention pro- 
vides an image recording method for recording an im- 
age formed by a group of light source elements dis- 
posed in a two-dimensional manner on the recording 
medium, comprising moving an image recording posi- 
tion by the group of light source elements on a recording 
medium in a direction that contains a component in at 
least one of two-dimensional disposed directions of the 
group of light source elements during the recording, and 
modulating, in response to this movement, each record- 
ing pixel of the group of light source elements in accord- 
ance with an image to be recorded by taking, into con- 
sideration, a difference between an actual position of an 
image of the group of light source elements of the two- 
dimensionally arranged light sources on the recording 
medium and an ideal position of the two-dimensionally 
arranged light sources on the recording medium to 
record the imago on tho recording medium. 
[0039] In addition, the fourth aspect of the present in- 
vention provides an image recording apparatus com- 
prising two-dimensionally arranged light sources includ- 
ing a group of light source elements corresponding to 
recording pixels arranged in a two-dimensional manner, 
a moving means for moving an image recording position 
by the group of light source elements of the two-dimen- 
sionally arranged light sources on a recording medium 
in a direction that contains a component in at least one 
of recording pixel array directions of the group of light 
source elements of the two-dimensionally arranged light 
sources during recording, and a modulating means for, 
in response to the movement of the image recording po- 
sition by the moving means, modulating each recording 
pixel of the group of light source elements of the two- 
dimensionally arranged light sources in accordance with 
an image to be recorded by taking, into consideration, 
a difference between an actual position of an image of 
the group of light source elements of the two-dimension- 
ally arranged light sources on the recording medium and 
an ideal position of the group of light source elements 
of the two-dimensionally arranged light sources on the 
recording medium. 

[0040] In the fourth aspect of the present invention, 
preferably, the modulating means performs the modu- 
lation using a function that shows a difference between 
a preset actual position of the image of the group of light 
source elements of the two-dimensionally arranged light 
sources on the recording medium and the ideal position 
of the group of light source elements of the two-dimen- 
sionally arranged light sources on the recording medi- 
um. Preferably, the function changes with time. And, 
preferably, the modulating means performs the modu- 
lation by one of (i) mapping the image by the group of 



light source elements of the two-dimensionally arranged 
light sources on the recording medium and (ii) mapping 
a pattern, which should be recorded on the recording 
medium, on the group of light source elements of the 
two-dimensionally arranged light sources. 
[0041] In order to attain the third object described 
above, the fifth aspect of the present invention provides 
an image recording method for recording an image 
formed by a group of light source elements disposed in 
a two-dimensional manner on a recording medium, 
comprising moving an image recording position by the 
group of light source elements on the recording medium 
in a direction that contains a component in at least one 
of two-dimensional disposing directions of the group of 
light source elements during the recording, and modu- 
lating, in response to this movement, each recording 
pixel of the group of light source elements in accordance 
with an image to be recorded based on a threshold value 
set based on a pixel position to record the image on the 
recording medium. 

[0042] The fifth aspect of the present invention pro- 
vides an image recording apparatus comprising two-di- 
mensionally arranged light sources including a group of 
light source elements corresponding to recording pixels 
arranged in a two-dimensional manner, a moving means 
for, during the recording, moving an image recording po- 
sition on a recording medium by the group of light source 
elements of the two-dimensionally arranged light sourc- 
es in a direction that contains a component in at least 
one of recording pixel array directions of the group of 
light source elements of the two-dimensionally arranged 
light sources; and a modulating means for, in response 
to the movement of the image recording position by the 
moving means, modulating each recording pixel of the 
group of light source elements of the two-dimensionally 
arranged light sources in accordance with an image to 
be recorded based on a threshold value set based on a 
pixel position. 

[0043] In the fifth aspect of the present invention, pref- 
erably, the moving means moves the image recording 
position in a direction that contains components in both 
of the recording pixel array directions of the group of 
light source elements of the two-dimensionally arranged 
light sources. And it is preferable that the image record- 
ing apparatus further comprises a main scanning means 
for relatively moving the two-dimensionally arranged 
light sources and the recording medium in a main scan- 
ning direction that coincides with one of the recording 
pixel array directions in the group of light source ele- 
ments of the two-dimensionally arranged light sources, 
an auxiliary scanning means for relatively moving the 
two-dimensionally arranged light sources and the re- 
cording medium in an auxiliary scanning direction per- 
pendicularto themain scanning direction, and atracking 
means for allowing the image recording position by the 
two-dimensionally arranged light sources to track the 
relative movement of the two-dimensionally arranged 
light sources and the recording medium by the main 
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scanning means, wherein an image is recorded by dis- 
posing images by the two-dimensionally arranged light 
sources in the main scanning direction and the auxiliary 
scanning direction. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] In the accompanying drawings: 

FIG. 1 is a perspective view showing an outline of to 
an example of an image recording apparatus of the 
present invention; 

FIG. 2 is a block diagram showing image recording 
timing control by the image recording apparatus 
shown in FIG. 1; is 
FIG. 3 is a conceptual diagram for illustrating image 
recording by the image recording apparatus shown 
in FIG. 1 ; 

FIG. 4 is a conceptual diagram for illustrating image 
recording by the present invention; 20 
FIG. 5A is a conceptual diagram for illustrating pro- 
jection light by a micromirror array (MMA); 
FIG. 5B is a conceptual diagram for illustrating an 
image to be recorded; 

FIG. 5C is a conceptual diagram for illustrating im- 25 
age recording by the present invention; 
FIGs. 6A to 6C are each a conceptual diagram for 
illustrating the image recording by the present in- 
vention; 

FIGs. 7D to 7F are each a conceptual diagram for 30 
illustrating the image recording by the present in- 
vention; 

FIGs. 8G to 81 are each a conceptual diagram for 
illustrating the image recording by the present in- 
vention; 35 
FIG. 9 is a conceptual diagram for illustrating the 
image recording by the present invention; 
FIG. 10 conceptually shows an image obtained by 
the image recording performed in FIGs. 6A to 6C, 
7Dto7F, 8Gto8l,and9; 40 
FIG. 11 is a conceptual diagram for illustrating an 
example of the image recording by the present in- 
vention; 

FIG. 12 shows an example of a control block dia- 
gram for carrying out the image recording method 45 
shown in FIG. 11; 

FIGs. 1 3A and 1 3B each conceptually show the im- 
age recording in FIGs. 6A to 6C, 7D to 7F, 8G to 81, 
and 9; 

FIG. 14A is a conceptual diagram of one pixel for so 
illustrating the image recording of the present inven- 
tion; 

FIGs. 14B and 14C are each a conceptual diagram 
for illustrating an example of the image recording in 
the present invention; 55 
FIGS. 15A and 15B are each a conceptual diagram 
for illustrating another example of the image record- 
ing in the present invention; 



FIG. 16 is a conceptual diagram for illustrating still 
another example of the image recording in the 
present invention; 

FIGs. 1 7A and 1 7B are each a conceptual diagram 
for illustrating another example of the image record- 
ing in the present invention; 
FIGs. 1 8A and 1 8B are each a conceptual diagram 
for illustrating an example of the image recording in 
the present invention: 

FIGs. 1 9A and 1 9B are each a conceptual diagram 
for illustrating another example of the image record- 
ing in the present invention; 
FIG. 20A is a partial magnified diagram of FIG. 1 9 A; 
FIG. 20B is a conceptual diagram for illustrating an- 
other example of the image recording in the present 
invention; 

FIGs. 21 A and 21 B are each a conceptual diagram 
for illustrating another example of the image record- 
ing in the present invention; 
FIG. 22A is a conceptual diagram for illustrating an 
image to be recorded; 

FIG . 22B is a conceptual diagram for illustrating dis- 
torted projection light by the micromirror array 
(MMA); 

FIGs. 23A to 23C are each a conceptual diagram 
for illustrating the image recording by the present 
invention; 

FIGs. 24A to 24C are each a conceptual diagram 
for illustrating the image recording by the present 
invention; 

FIGs. 25A to 25C each conceptually show an image 
obtained by the image recording performed in FIGs. 
24A to 24C; 

FIG. 26 is a conceptual diagram for illustrating an 
example of the image recording by the present in- 
vention; 

FIG. 27 is an example of a control block diagram for 
carrying out the image recording method shown in 
FIG. 26; 

FIGs. 28A to 28C are each a conceptual diagram 
for illustrating the image recording by.the image re- 
cording apparatus shown in FIG. 1 ; 
FIG . 29 shows examples of a method of moving pro- 
jection light during the image recording of the 
present invention; and 

FIGs. 30A to 30C are each a conceptual diagram 
for illustrating conventional image recording that us- 
es two-dimensionally arranged light sources. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0045] An image recording method and an image re- 
cording apparatus according to the present invention 
will be described in detail below based on preferred em- 
bodiments shown in the accompanying drawings. 
[0046] First, the construction and operation that are 
common to image recording methods and image record- 
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ing apparatuses in accordance with first to fifth embod- 
iments of the present invention will be described with 
reference to FIGs. 1 to 10. 

[0047] FIG. 1 is a perspective view showing an outline 
of an example of an image recording apparatus of the 
present invention that carries out an image recording 
method of the present invention. 
[0048] An image recording apparatus (hereinafter re- 
ferred to as the "recording apparatus") 1 0 shown in FIG. 
1 uses two-dimensionally arranged light sources, in 
which two-dimensional spatial light modulator is com- 
bined with a light source for illuminating the two-dimen- 
sional spatial light modulator, as two-dimensionally ar- 
ranged light sources having recording pixels (a group of 
light source elements) arranged in a two-dimensional 
manner. The image recording apparatus 10 records an 
image by two-dimensionally exposing a recording me- 
dium Pt by disposing projection light from the two-di- 
mensionally arranged light sources (micromirror array 
(MMA) 12 in the illustrated example) on the recording 
medium Pt using the two-dimensionally arranged light 
sources and a so-called external drum (outer drum). 
[0049] It should be noted here that in the present in- 
vention, the two-dimensionally arranged light sources 
refer to a group of light source elements (also called a 
group of light sources) that correspond to respective re- 
cording pixels and are disposed in a two-dimensional 
manner. 

[0050] The recording apparatus 10 like this basically 
comprises a light source (not shown) that emits illumi- 
nation light, a micromirror array (hereinafter referred to 
as the "MMA") 1 2 (such as a digital micromirror device™ 
(DMD™) manufactured by Texas Instruments Inc.) that 
is a two-dimensional spatial light modulator, a collimator 
lens 14, a light deflector 16, a focusing lens 18, an aux- 
iliary scanning drive system 20, an external drum (here- 
inafter referred to as the "drum") 22, and a control 
means (not shown) for controlling these construction el- 
ements. 

[0051] Also, the recording medium Pt is wound 
around the external surface of the drum 22 and is held/ 
fixed by a known means. 

[0052] As the light source, it is possible to use various 
kinds of light sources that emit light corresponding to the 
spectral sensitivity characteristic of the recording medi- 
um Pt to be used so long as they are able to emit light 
(illumination light) having a sufficient light quantity. 
[0053] For example, it is possible to use a ultra-high 
pressure mercury lamp, a metal halide lamp, and the 
like as the light source in the case where an ordinary PS 
plate (conventional PS plate) that is capable of being 
exposed by ultraviolet rays is used as the recording me- 
dium Pt. It is also possible to use an infrared broad area 
LD (laser diode) or the like in the case where a heat 
mode recording medium that is sensitive to infrared light 
(heat) is used as the recording medium Pt. In addition 
to the above, it is possible to use a halogen lamp, a xe- 
non lamp, and the like in accordance with the type of the 



recording medium Pt. 

[0054] Also, in the case of image recording that does 
not perform area modulation through pulse modulation 
but performs density expression through direct area 

5 modulation based on the number of recording pixels (the 
number of activated mirrors of the MMA 12) like in the 
case of image recording in a printing use, by using a 
light source that emits light having a light quantity with 
which it is possible to neglect the reduction of the light 

to quantity in the periphery due to shading, it becomes pos- 
sible to save the necessity to perform correction through 
image processing in order to cope with the light quantity 
reduction. 

[0055] As is publicly known, the MMA 12 is a two-di- 

'5 mensional spatial light modulator constructed by two- 
dimensionally disposing rectangular micromirrors that 
are capable of turning (rocking) by a predetermined an- 
gle about a predetermined rotation axis provided on a 
surface opposite to a reflection surface. By turning 

20 (rocking) these micromirrors electrostatically, that is, us- 
ing an electrostatic force or the like, light is modulated 
for respective micromirrors (^pixels) to be turned on/off 
for exposure. As a specific example, it is possible to use 
DMD™ (digital micromirror device™) commercially 

25 available from Texas Instruments Inc. For instance, in 
the recording apparatus 10 in the illustrated example, 
there is used the MMA 12 whose pixel pitch is 17 \xm 
and which has 1024 x 1280 pixels. 
[0056] Also. each construction element is arranged so 

30 that the rotation direction (direction shown by the arrow 
R in FIG. 1) of the drum 22 to be described later optically 
coincides with one of pixel row directions of the MMA 
12 and the axis of the drum 22 optically coincides with 
the other of the pixel row directions. In the following de- 

35 scription, the pixel row direction (direction shown by the 
arrow Y in FIG. 1) of the MMA 12 that is a direction op- 
posite to the rotation of the drum 22 is referred to as the 
"main scanning direction" and the rightward direction in 
FIG. 1 (direction shown by the arrow X in FIG. 1) that is 

*o the axial direction of the drum 22 is referred to as the 
"auxiliary scanning direction". 
[0057] It should be noted here that in the present in- 
vention, the two-dimensionally arranged light sources 
are those that can generate, through the two-dim ension- 
al arrangement, projection images each constituting the 
minimum recording unit and capable of individual mod- 
ulation. In the illustrated example, as described above, 
by combining the MMA 1 2 that is a two-dimensional spa- 
tial light modulator with a light source, there is construct- 

so ed the two-dimensionally arranged light sources. Here, 
in the present invention, as the two-dimensional spatial 
light modulator constituting the two-dimensionally ar- 
ranged light sources, it is possible to use, for instance, 
a liquid crystal shutter array constructed by disposing 

55 liquid crystal shutters in a two-dimensional manner, 
PL2T type, EO type, AO type, GLV type, or the like, 
aside from the MMA 12 such as the DMD™. 
[0058] Also, in the present invention, the two-dimen- 
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sionally arranged light sources are not limited to the 
combination of a light source with a spatial light modu- 
lator. For instance, as the two-dimensionally arranged 
light sources, there may be used an array-shaped light 
source constructed by two-dimensionally disposing dot- 
shaped light sources like LEDs, a self-light-emitting- 
type display like a CRT, a backlight-type LCD (liquid 
crystal display), or the like. 

[0059] However, the most preferable two-dimension- 
ally arranged light sources are the combination of the 
MMA 12 with a light source in terms of the modulation 
speed, the efficiency of use of light, and the like. 
[0060] The collimator lens 14 converts light bearing 
an image reflected by the MMA 12 into parallel light and 
has the parallel light strike the light deflector 16. 
[0061] The light deflector 16 is tracking means for 
having projection light from the MMA 1 2 on the recording 
medium Pt subjected to the main scanning track an in- 
cident position (image recording position) of the projec- 
tion light from the MMA 12 onto the recording medium 
Pt, as schematically shown in FIG. 1 . To do so, the light 
deflector 1 6 deflects light entered through the collimator 
lens 14 in a direction that substantially coincides with 
the rotation direction of the drum 22, 
[0062] That is, the light deflector 16 basically deflects 
the projection light from the MMA 1 2 that bears an image 
in the drum rotation direction in synchronization with the 
rotation of the drum 22. As a result, the light deflector 
1 6 has this projection light track a position on the record- 
ing medium Pt that is being rotated, and has the projec- 
tion light remain stationary (substantially stationary 
when the shifting of a frame F to be described later is 
taken into consideration) at a constant position on the 
recording medium Ptfor a predetermined recording time 
period (exposing time period). 
[0063] In the following description, the projection light 
from the MMA 1 2 on the recording medium Pt is referred 
to as the "frame F". Also, the recording of one image by 
the frame F made to remain stationary on the recording 
medium Pt through the deflection by the light deflector 
1 6 is referred to as the "recording of one frame". Accord- 
ingly, one frame becomes a size of one image area on 
the recording medium Pt by the MMA 12 (area that is 
capable of being exposed by the MMA 12 at a time). 
[0064] Here : in the present invention, during the im- 
age recording (exposing) of one frame, the image re- 
cording position on the recording medium Pt is moved 
in a direction that contains at least one of the pixel array 
directions of the two-dimensionally arranged light sourc- 
es. 

[0065] In the recording apparatus 10, the optical sys- 
tem is constructed so that the pixel array directions of 
the MMA 12 optically coincide with the main scanning 
direction and the auxiliary scanning direction. There- 
fore, as a preferable example, during the image record- 
ing of one frame that is performed while having the 
frame remain stationary on the recording medium Pt, the 
frame F (incident position of the projection light from the 



MMA 12) is moved in a direction that contains compo- 
nents in both of the main scanning direction and the aux- 
iliary scanning direction (these components will be here- 
inafter referred to as the "both of the main and auxiliary 

5 components"). Note that in another example of the 
present invention, during this image recording of one 
frame, by generating a relative speed difference be- 
tween (i) the main scanning and the auxiliary scanning 
and (ii) the tracking by the frame F, the frame F is moved 

10 in the direction containing both of the main and auxiliary 
components. This movement of the frame F during the 
recording of the frame is hereinafter referred to as the 
"shifting of the frame P. 

[0066] In the recording apparatus 10 in the illustrated 

'5 example, as a more preferable example, the optical de- 
flector 1 6 that is the tracking means doubles as a moving 
means for shirting the frame F. Therefore, the deflection 
direction of the light deflector 1 6 has a slight angle with 
reference to the rotation direction (main scanning direc- 

20 tion). (Also, in another example of the present invention, 
with this construction, there is maintained a relative 
speed difference between (i) the main scanning and the 
auxiliary scanning and (ii) the tracking by the frame F by 
itself.) How the light deflector 16 like this operates will 

25 be described in detail later. 

[0067] As the light deflector 16, it is possible to use 
various kinds of light deflectors such as a galvanometer 
mirror, a polygon mirror, a piezo system, and a light de- 
flector that shifts a lens in the rotation direction of the 

30 drum 22. In the recording apparatus 1 0 in the illustrated 
example, a galvanometer mirror (hereinafter referred to 
as the "gaK/ano-mirror") is used as a suitable example. 
[0068] The focusing lens 1 8 focuses the projection 
light from the MMA 1 2, which has been deflected by the 

35 light deflector 1 6, at a predetermined position on the re- 
cording medium Pt wound around the drum 22. 
[0069] The drum 22 is a cylinder that is held/fixed with 
a known method under a state where the recording me- 
dium Pt is wound around its outer surface and is rotated 

*o about an axis in a direction shown by the arrow R in FIG. 
1 that is opposite to the main scanning direction. With 
this construction, the MMA 12 (two-dimensionally ar- 
ranged light sources) and the recording medium Pt rel- 
atively move in the main scanning direction (that is, 

45 there is performed the main scanning). 

[0070] It should be noted here that in the present in- 
vention, there is imposed no specific limitation on the 
recording medium Pt to be used. That is, it does not mat- 
ter whether the recording medium Pt is made of a pho- 

50 tosensitive material or a thermal material. Also : it does 
not matter whether the recording medium Pt has a film 
shape or a plate shape. 

[0071] The optical system includes the light source, 
the MMA 12, the collimator lens 14, the light deflector 
55 16, and the focusing lens 1 8 that are integrated together 
as a unit, and is moved by an auxiliary scanning drive 
system 20 at a constant speed in the auxiliary scanning 
direction (direction shown by the arrow X in FIG. 1). With 
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this construction, the MMA 12 and the recording medi- 
um Pt are relatively moved in the auxiliary scanning di- 
rection (that is. there is performed the auxiliary scan- 
ning). 

[0072] The auxiliary scanning drive system 20 is a 5 
known system that is applied to a so-called drum scan- 
ner or the like. For instance, this auxiliary scanning drive 
system 20 is constructed of an unillustrated drive 
source, a moving base 20a on which the optical system 
that is made as a unit is mounted, and a moving axis to 
20b on which this moving base 20a moves and which 
extends in the auxiliary scanning direction. 
[0073] It should be noted here that in the present in- 
vention, means for performing the main scanning and 
the auxiliary scanning while holding the recording me- *5 
dium Pt is not limited to the (external) drum 22 in the 
illustrated example. That is, there arises no problem 
even if the means is a flat bed or an internal drum that 
holds the recording medium Pi using its internal surface. 
[0074] FIG, 2 is a block diagram showing recording 20 
timing control by the recording apparatus 10. 
[0075] As shown in FIG. 2, the construction elements 
of the optical system, such as the light source 24, the 
MMA 1 2, the light deflector 1 6, and the like (the collima- 
tor lens 1 4 and the focusing lens 1 8 are omitted in FIG. 25 
2), are integrally constructed and are continuously 
moved at a constant speed in the auxiliary scanning di- 
rection X by the auxiliary scanning drive system 20 at 
least during image recording. 

[0076] As described above, during image recording, 30 
the drum 22 holding the recording medium Pt is rotated 
and the light deflector 1 6 deflects the frame F (projection 
light by the MMA 1 2) in a direction that substantially co- 
incides with the main scanning direction in synchroniza- 
tion with the rotation of the drum 22. As a result, the 35 
frame F is made to remain stationary on the recording 
medium Pt for a predetermined recording time period 
and there is performed the recording of one frame. Also, 
during the image recording, a unit of the optical system 
is carried in the auxiliary scanning direction by the aux- *o 
iliary scanning drive system 20. 
[0077] In order to perform timing control, a main scan- 
ning position detector 26 is provided for the drum 22 and 
the auxiliary scanning drive system 20 is provided with 
an auxiliary scanning position detector 28 for detecting 45 
an auxiliary scanning position. As the main scanning po- 
sition detector 26, it is possible to use a rotary encoder 
that detects a rotation position of the drum 22, for in- 
stance. 

[0078] To the MMA 12, there is connected a modulat- so 
ing signal generator 30 that supplies image data of one 
frame (specifying the activation/dcactivation of each mi- 
cromirror). Image signal is inputted into the modulating 
signal generator 30 and image signal to be sent to the 
MMA 1 2 is switched based on detection signals from the 55 
main scanning position detector 26 and the auxiliary 
scanning position detector 28. 
[0079] Also, to the light deflector 16, there is connect- 



ed a light deflector driver 32. This light deflector driver 
32 drives the light deflector 16 based on detection sig- 
nals from the main scanning position detector 26 and 
the auxiliary scanning position detector 28, thereby hav- 
ing the light deflector 16 deflect the projection light by 
the MMA 12 in synchronism with the relative movement 
of the recording medium Pt. 

[0080] In the recording apparatus 10 like this, image 
recording is performed by, in an image recording area 
of the recording medium Pt, two-dimensionally dispos- 
ing each image of one frame recorded by having the 
frame image track and remain stationary on the record- 
ing medium Pt using the light deflector 1 6 in the manner 
described above. 

[0081] Here, the image recording may be performed 
in the manner described below. Frame images by the 
MMA 12 for one row are formed in the main scanning 
direction (Y direction) by having the drum 22 make one 
rotation under a state where the auxiliary scanning is 
stopped. Following this, the MMA 12 (optical system) is 
moved in the auxiliary scanning direction by an amount 
corresponding to the size of one frame in the auxiliary 
scanning direction (X direction) using the auxiliary scan- 
ning drive system 20. Then, image recording for one row 
in the main scanning direction is performed again. By 
disposing frames F on the entire surface of the recording 
medium Pt, an image may be recorded (the auxiliary 
scanning speed is zero in this case). 
[0082] However, in the illustrated example, in order to 
shorten a time period taken to record one image or to 
reduce a load placed on the auxiliary scanning drive sys- 
tem 20, as a preferable example, image recording for 
the entire surface is performed while continuously per- 
forming the auxiliary scanning. That is, the image re- 
cording is performed by spirally disposing frames F on 
the recording medium Pt wound around the drum 22, as 
described above. 

[0083] That is, in the recording apparatus 10 in the 
illustrated example, the auxiliary scanning speed by the 
auxiliary scanning drive system 20 is set in accordance 
with the rotation speed (main scanning speed) of the 
drum 22 so that a frame F that should be recorded 
comes adjacent to a previously recorded frame F in the 
auxiliary scanning direction at a point in time when the 
drum 22 finishes its one rotation. 
[0084] As a result, image recording is spirally per- 
formed on the recording medium Pt wound around the 
drum 22 and the frames F are disposed in a step-like 
manner in the main scanning direction, as shown by the 
conceptual diagram in FIG. 3 in which the recording me- 
dium Pt is spread. Thus, image recording is performed 
for the entire surface of the recording medium Pt. Note 
that in FIG. 3, the lower portion shows the recording per- 
formed while the drum 22 is making the first rotation and 
the upper portion shows the recording performed while 
the drum 22 is making the second rotation. Also, the ref- 
erence symbol Tdr" denotes the perimeter of the drum 
22. This recording method is described in detail in com- 
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monly assigned US 2002-0044265-At A (EP 1199880 
A2 A). 

[0085] Here, in the recording apparatus 10 in the il- 
lustrated example, as described above, the recording of 
one frame is performed by having the frame F remain 5 
stationary on the recording medium Pt trough the de- 
flection of the projection light of the MMA 12 in the main 
scanning direction using the light deflector 16 in syn- 
chronization with the rotation of the drum 22. 
[0086] If image recording is performed while succes- to 
sively performing the auxiliary scanning, however, al- 
though it is possible to have the frame F remain station- 
ary in the main scanning direction through the deflection 
by the light deflector 16, the position of the frame F on 
the recording medium Pt moves in the auxiliary scan- '5 
ning direction and there occurs image blur. 
[0087] In view of this problem, in the recording appa- 
ratus 1 0. it is preferable that the frame F is made to more 
suitably remain stationary on the recording medium Pt 
during the recording of one frame by tilting the deflection 20 
direction in the auxiliary scanning direction (direction 
shown by the arrow X) with reference to the main scan- 
ning direction (direction shown by the arrow Y) in ac- 
cordance with the shifting of the position of the frame F 
due to the auxiliary scanning. 25 
[0088] In this case, it is preferable that the angle of 
this deflection direction with reference to the main scan- 
ning direction (direction shown by the arrow Y) is set so 
that when the recording of one frame is completed, a 
frame F to be recorded next is moved in the auxiliary 30 
scanning direction by an amount corresponding to an 
integral multiple of the pixel pitch (pixel pitch on the re- 
cording medium Pt) in the auxiliary scanning direction. 
[0089] It is particularly preferable that when the inte- 
gral multiple of the pixel pitch is referred to as Ny, the 35 
number of pixels of one frame in the main scanning di- . 
rection is referred to as Nimg-y, the pixel pitch of one 
frame in the main scanning direction is referred to as 
Pimg-y, and the pixel pitch of one frame in the auxiliary 
scanning direction is referred to as Pimg-x, the angle v -to 
in the deflection direction with reference to the main 
scanning direction satisfies the following equation. 

Tan\j/= (Ny x Pimg-x)/( Nimg-y x Pimg-y) 45 

[0090] This image recording method is described in 
detail in commonly assigned US Patent Application Se- 
rial No. 10/122,184. 

[0091] As described above, in the recording appara- so 
tus 10, the frame F (projection light of the MMA 12) is 
made to track the movement of the recording medium 
Pt and the image recording of one frame is basically per- 
formed under a state where the frame F is made to re- 
main stationary on the recording medium Pt for a pre- 55 
determined recording (exposure) time period. 
[0092] Here, the recording apparatus 10 in the illus- 
trated example relates to the present invention. As con- 



ceptually shown in FIG. 4, the image recording position 
(that is. the position of the frame F) on the recording 
medium Pt is shifted (moved) in a direction (direction 
shown by the arrow V) including both the main and aux- 
iliary components during the recording of one frame, 
and when a pixel (mirror) of the MMA 1 2 is placed at a 
position on the recording medium Pt at which image re- 
cording should be performed, the display image by the 
MMA 12 is modulated so that this pixel is activated in 
accordance with an image to be recorded by one frame. 
In other words, in the illustrated example, a relative 
speed difference is maintained in the movement of the 
frame F (tracking of the recording medium Pt) in the 
main scanning and the auxiliary scanning by the record- 
ing medium Pt and the optical system for having the 
frame F remain stationary, that is, between (i) the main 
scanning and the auxiliary scanning by the optical sys- 
tem and the recording medium Pt and (ii) the movement 
or tracking by the frame F (tracking of the recording me- 
dium Pt) for having the frame F remain stationary. In ad- 
dition, each pixel of the MMA 1 2 is modulated in accord- 
ance with an image to be recorded. 
[0093] The present invention uses a construction like 
this, so that it is possible to change resolution or the like 
during the image recording that uses two-dimensionally 
arranged light sources. 

[0094] Also, in the present invention, during the image 
recording that uses two-dimensionally arranged light 
sources, an image is recorded by performing the shifting 
of the frame F in the manner described above and the 
activation/deactivation of each pixel is determined using 
a threshold value set in accordance with the position. 
As a result, it becomes possible to correct the shading 
described above and to record an image in which the 
local fluctuations of an image area ratio are significantly 
reduced. Accordingly, in the case of a printing use, for 
instance, it becomes possible to perform the production 
of a high-quality printing plate or the like in which the 
locality of a dot area ratio or the like is extremely small. 
[0095] Also, needless to say, as described above, by 
performing the image recording where such shifting of 
the frame F is performed, it becomes possible to change 
resolution, which has been uniquely determined by the 
magnification of an optical system in the case of image 
recording that uses two-dimensionally arranged light 
sources., as appropriate and to perform image recording 
at arbitrary resolution. 

[0096] The operation of the recording apparatus 10 
and an example of an image recording method accord- 
ing to the present invention will be described below with 
reference to FIGs. 5A to 5C, 6A to 6C, and 70 to 7F. 
[0097] FIG . 5A conceptually shows a part of the frame 
F by the MMA 1 2 on the recording medium Pt, while FIG. 
5B conceptually shows an example of resolution of an 
image to be recorded on the recording medium Pt. In 
both of these drawings, one square represents one pix- 
el. That is, one pixel (resolution of the MMA 12) of the 
frame F on the recording medium Pt differs from one 
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pixel (resolution of recording) of a target image. There- 
fore, the one pixel of the frame F is smaller than the one 
pixel of the target image and the relation shown in FIG. 
5C exists between each pixel of the frame F on the re- 
cording medium Pt and an image to be recorded. 
[0098] In this example, image recording is basically 
performed by activating each pixel (mirror) of the MMA 
12 whose center is contained in the image to be record- 
ed. That is, if the image to be recorded is the image sur- 
rounded by a thick line in FIGs. 5B and 5C, for instance, 
there is activated each cross-hatched pixel of the MMA 
12 whose center specified by a dot is contained in an 
image recording area. 

[0099] Here : the pixel whose center is contained in 
the image recording area, is changed by the shifting of 
the frame F in a direction including both the main and 
auxiliary components during the recording of one frame 
described above. Therefore, in the present invention, by 
changing (that is, by modulating) the image displayed 
by the MMA 12 in accordance with the pixel changing, 
image recording is performed in a manner that is similar 
to scan exposure. 

[0100] An example of the recording of the image 
framed by the thick lino in FIG. 5B by a part of the frame 
F by the MMA 1 2 (projection light of the MMA 1 2) shown 
in FIG. 5A will be described below with reference to 
FIGs. 6A to 6C, 7D to 7F, and 8G to 81. 
[0101] In this exemplary case, as shown in FIG. 4, the 
frame F is shifted by an amount corresponding to three 
pixels in the main scanning direction (direction shown 
by the arrow Y) and by an amount corresponding to one 
pixel in the auxiliary scanning direction (direction shown 
by the arrow X) during the recording of one frame. That 
is, image recording is performed by shifting the frame F 
at a ratio of main scanning direction:auxiliary scanning 
direction=3:1 . Note that in this exemplary case, the ac- 
tual moving direction of the frame F is opposite to the 
main scanning direction and the auxiliary scannihg'di- 
rection, although the present invention is not limited to 
this. 

[0102] Also, during the recording of one frame, the 
display image of the MMA 1 2 is changed nine times, that 
is, modulated nine times through equal time-division of 
a recording time period (exposure time period). 
[0103] As an example, the recording of one frame is 
started under a state shown in FIG. 6A. Underthis state, 
the recording image area framed by a thick line contains 
the centers of pixels a-3, b-3, c-1, c-2, and c-3 of the 
MMA 12, so that image recording is performed by acti- 
vating these pixels as indicated by cross-hatching. 
[0104] As described above, the recording medium Pt 
held by the drum 22 is rotated in a direction opposite to 
the main scanning direction. Also, the frame F is basi- 
cally made to track and remain stationary on the record- 
ing medium Pt and is shifted in a direction including both 
the main and auxiliary components at the aforemen- 
tioned ratio of main scanning direction rauxiliary scan- 
ning direction=3:1 through the deflection in the same di- 



rection by the light deflector 1 6. 
[0105] When 1/9 of the recording time period for one 
frame has passed, that is, when the frame F is shifted 
by an amount corresponding to 3/9 pixels in the main 
5 scanning direction (direction shown by the arrow Y) and 
by an amount corresponding to 1/9 pixels in the auxiliary 
scanning direction (direction shown by the arrow X) (this 
shifting of the frame F will hereinafter simply referred to 
as the "the shifting of the frame F by a predetermined 

10 amount"), the MMA 1 2 is modulated and the image (pro- 
jection image) is switched as shown in FIG. 6B. That is, 
the center of the pixel a-3 contained in the recording im- 
age area under the recording start state comes out of 
the recording image area. As a result, the state shown 

15 in FIG. 6A is changed and only this pixel is deactivated. 
[0106] When the frame F is further shifted by the pre- 
determined amount, the MMA 12 is modulated in the 
manner shown in FIG. 6C. As a result, the pixel c-1, 
whose center comes out of the recording image area, is 

20 deactivated and the pixels d-2 and d-3, whose centers 
newly enter into the recording image area, are activated. 
[01 07] When the frame F is further shifted by the pre- 
determined amount : the MMA 1 2 is modulated as shown 
in FIG. 70 and there is deactivated the pixel c-2 whose 

25 center comes out of the recording image area. 

[0108] Hereinafter, in a like manner, as shown in FIGs. 
7E to 81, each time the frame F is shifted by the prede- 
termined amount, the MMA 12 is modulated and image 
recording is performed by deactivating each pixel, 

30 whose center comes out of the recording image area, 
and activating each pixel whose center enters into the 
recording image area. 

[01 09] Finally when the frame F is shifted by the pre- 
determined amount and the state shown in FIG. 81 is 

35 changed to the state shown in FIG. 9, the frame F is 
shifted by three pixels in the main scanning direction and 
by one pixel in the auxiliary scanning direction. That is, 
the recording of one frame is finished. As a result, all 
pixels are deactivated. Then, in accordance with the 

40 movement of the recording medium Pt (rotation of the 
drum 22) and the state of the light deflector 16, image 
recording of the next one frame is started so that the 
next one frame comes adjacent to the previously record- 
ed frame in the main scanning direction. 

^5 [0110] That Is, during the recording of one frame in 
FIGs. 6A to 9 : recording is performed so that the cross- 
hatched areas are superimposed on each otherin FIGs. 
6A to 8t. That is, image recording is performed as con- 
ceptually shown in FIG. 10. 

so [0111] More specifically, as shown in FIG. 1 0, with the 
image recording method of the present invention, image 
recording of a target image to be recorded is also per- 
formed for an area where its ideal resolution is exceeded 
to some extent. However, the recording is concentrated 

55 in the image recording area that is a target and the re- 
cording (exposure) amount in the projected portion is 
small, so that there occurs no problem concerning im- 
age quality. 
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[0112] Individual features of the image recording 
methods and the image recording apparatuses accord- 
ing to the first, second, and third embodiments of the 
present invention will be described below. 
[0113] Incidentally, during conventional image re- 
cording that uses two-dimensionally arranged light 
sources, the resolution that can be expressed is limited 
to an integral multiple of one pixel of the two-dimension- 
ally arranged light sources (one pixel of the MMA 12 
from which light is projected in the illustrated example). 
In order to express resolution that is not an integral mul- 
tiple, it is required to prepare a zoom lens or a plurality 
of focusing.optical systems having different magnifica- 
tions, as described above. 

[0114] In contrast to this, as is apparent from the 
above description, in accordance with the first to third 
embodiments of the present invention, during image re- 
cording that uses two-dimensionally arranged light 
sources that utilize the MMA 12 and the like, the frame 
F (projection light from the two-dimensionally arranged 
light sources) is shifted (moved) in a direction including 
both the main and auxiliary components and the two- 
dimensionally arranged light sources are modulated in 
accordance with an image to be recorded. As a result, 
it becomes possible to perform image recording that is 
similar to so-called scan exposure, by using the two-di- 
mensionally arranged light sources. 
[0115] Consequently, in accordance with the first to 
third embodiments of the present invention, irrespective 
of the resolution of the two-dimensionally arranged light 
sources, each pixel of the two-dimensionally arranged 
light sources is modulated in accordance with a target 
image and resolution. As a result, without using a zoom 
lens or a plurality of kinds of focusing systems, it be- 
comes possible to perform image recording at a plurality 
of arbitrary resolutions (at three resolutions of 2540 dpi, 
2438 dpi, and 2400 dpi, for instance) other than multi- 
ples of the two-dimensionally arranged light sources. Al- 
so, it becomes possible to adjust resolution, so that even 
in the case where there exists an error in the focusing 
optical system or the two-dimensionally arranged light 
sources, it becomes possible to record an image having 
predetermined resolution through suitable correction 
and also to cope with the changing of the size of the 
recording medium Pt or the like due to a temperature 
change without difficulty. 

[0116] In addition, in accordance with the first to third 
embodiments of the present invention for carrying out 
scan exposure like this, it becomes possible to signifi- 
cantly reduce the adverse effect of distortion of projec- 
tion light due to distortion aberration possessed by the 
focusing optical system and to record a high-quality im- 
age free from image quality degradation caused by this 
distortion. 

[0117] An example of a method of modulating the 
MMA 12 (two-dimensionally arranged light sources) 
during image recording like this performed while shifting 
the frame F will be described below with reference to 



FIG. 11. Also, FIG. 12 shows an example of a control 
block diagram for carrying out this modulation method. 
[0118] As shown in the upper-left portion in FIG. 11. 
a pixel that is the ith pixel in one of the pixel array direc- 
5 tions of the MMA 12 and is the jth pixel in the other di- 
rection thereof is referred to as the "pixel (i, j)". Note that 
in the illustrated example, "i" corresponds to the auxil- 
iary scanning direction (X direction) and "j" corresponds 
to the main scanning direction (Y direction). Also, the 
10 pixel pitch of this MMA 1 2 in the main scanning direction 
is referred to as Ay and the pixel pitch thereof in the aux- 
iliary scanning direction is referred to as Ax. 
[0119] Accordingly, it is possible to obtain the center 
position (Xj, yp of this pixel (i, j) from (i'Ax, j - Ay). 
is [0120] Here, a function expressing a shift amount in 
the auxiliary scanning direction is referred to as Fx and 
a function expressing a shift amount in the main scan- 
ning direction Is referred to as Fy. In this case, the loca- 
tion of the center position (x i: yp of the aforementioned 
pixel (i, j) of the MMA 12 on the projection image at a 
time V during the recording of one frame can be ex- 
pressed as "(Fx(X jt Vj, t), Fy(Xj, y y t)) M . In the following 
description, this position will be referred to as the (pixel) 
imago center position (x,, yp. 

[0121] In the block diagram shown in FIG. 12 : the im- 
age center position (X,, Yp is obtained using a shift 
amount determining LUT (lookup table) corresponding 
to these functions Fx and Fy. 

[0122] It should be noted here that these functions Fx 
and Fy (determining LUT) may be set in consideration 
of the distortion aberration in the focusing lens 18 and 
the like as well as the shift amount. By doing so, during 
the image recording that uses two-dimensionally ar- 
ranged light sources, it becomes possible to correct the 
aberration in the lens and to perform resolution conver- 
sion through the shifting of the frame, 
[0123] On the other hand, the pixel pitch in the main 
scanning direction and the pixel pitch in the auxiliary 
scanning direction at the output resolution of an image 
to be recorded are respectively referred to as AY and 
AX. 

[0124] As described above, the center position (x,, yp 
of the pixel (i, j) of the MMA 1 2 becomes an image center 
position (X jf Yp on the projection image. Accordingly, by 
dividing the image center position by the pixel pitches, 
it becomes possible to know at which pixel on a bitmap 
of an image to be recorded the image center position is 
positioned. In the case where (round[(X/AX)], round[(Yj/ 
AY)]) corresponds to an on-pixel (m on , n on ) on the image 
bitmap of an image to be recorded, it is possible to per- 
form the image recording in the example illustrated in 
FIGs. 6A to 9 by modulating the MMA 12 so that the 
pixel (i, j) is activated. Note that in the equation de- 
scribed above, "round" means the rounding-off of a 
number. Note that in the case where a number is con- 
verted into an integer by dropping off the decimal frac- 
tions of the number, it is sufficient to obtain (int((X/AX) 
+0.5], int[(Y j /AY)+0.5]). Also, in this exemplary case, on 
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the image bitmap, "m" corresponds to the auxiliary scan- 
ning direction and V corresponds to the main scannins 
direction. 

[01 25] Here, during the image recording performed by 
the recording apparatus 1 0 using the two-dimensionally 5 
arranged light sources, there occurs shading due to a 
variation in the projection image size of each pixel, a 
variation in light intensity, a position error, and the like. 
In the case of a printed material, for instance, the shad- 
ing becomes a variation in reproduced dot% (positional io 
locality of the area ratio), which becomes a problem con- 
cerning image quality. Therefore, it is required to per- 
form correction of this shading. 
[01 26] I n usual cases ; the correction of shading is car- 
ried out through the correction of light intensity of each 15 
pixel. However with the recording method of the present 
invention that performs recording by shifting the frame 
F, it becomes possible to correct the shading through 
direct correction of an area ratio instead of the intensity 
correction. 20 
[0127] The absolute value of the difference between 
(i) a position (X/AX, Y/AY) (hereinafter referred to as 
the "MMA image") obtained by dividing the aforemen- 
tioned image center position by the pixel pitches and (ii) 
the on-pixel (m on . n on ) on the image bitmap in a corre- 25 
sponding direction indicates a deviation of the center po- 
sition of the MMA image from the center position of the 
on-pixel. 

[0128] Accordingly, this absolute value is compared 
with threshold values Thr (positive numbers) set as ap- 30 
propriate so as to respectively correspond to the main 
scanning and the auxiliary scanning. In the case where 
the absolute values in both of the main scanning direc- 
tion and the auxiliary scanning direction are equal to or 
lower than the threshold values Thr, modulation is con- 35 
trolled so that the pixel (i, j) of the MMA 1 2 is turned on. 
By doing so, it becomes possible to control the area ratio 
of an image to be recorded. That is, in the case where 
the following conditions are both satisfied, it becomes 
possible to control the area ratio of an image to be re- *o 
corded, by controlling modulation so that the pixel (i, j) 
of the MMA 12 is turned on. 

|(X/AX)-m on |<;Thr m ^ 

|<Y/AY)-nJ^ B 

[0129] The threshold values may be determined as so 
appropriate in accordance with the shading possessed 
by the optical system. 

[0130] For instance, in the case of Thr m =Thr n =0.5, 
there is performed standard image recording where the 
aforementioned correction is not performed. That is, in 55 
the case where the MMA image (X/AX, Yj/AY) exists 
within the on-pixel (m on , n on ) of the image bitmap, the 
pixel (i, j) of the MMA 12 is turned on. 



[01?" | On the other hand, in the case of 
Th •■Thr n =0.6. even if the MMA image comes out of 
the . ••pixel of the image bitmap by an amount corre- 
sponding to 0.1 pixel, the pixel is turned on. As a result, 
the area ratio is increased. 

[0132] Conversely, in the case of Thr m =Thr n =0.4, if 
the MMA image does not exist within an area that is 
smaller than the on-pixel of the image bitmap by an 
amount corresponding to 0. 1 pixel, the pixel is not turned 
on. As a result, the area ratio is reduced. 
[0133] Further in the case where Thr m and Thr n are 
set at different values, it is possible to control the area 
ratio with reference to the main scanning direction and 
the auxiliary scanning direction (vertical and horizontal 
directions of an image). 

[0134] In the first embodiment of the present inven- 
tion, such a shift direction and a shift amount of the 
frame F during the recording of one frame are basically 
determined as appropriate in accordance with the mag- 
nification for changing the resolution per pixel of the 
MMA 1 2 that is the target. Note that in the recording ap- 
paratus 1 0, it does not matter whether the shift direction 
and the shift amount are fixed, are variable, or can be 
sot as appropriate. 

[0135] It is preferable that when the shifting of the 
frame F is performed in units of pixels (pixel pitch) of the 
MMA 12 (two-dimensionally arranged light sources), 
one of pixel array directions of the MMA 12 is set as the 
A direction, the other of the pixel array directions is set 
as the B direction, the magnification (division number) 
for changing the resolution in the A direction corre- 
sponding to a target magnification for changing the res- 
olution is referred to as M a w , and the magnification (divi- 
sion number) for changing the resolution in the B direc- 
tion is referred to as V, the frame F is shifted by "b" 
pixels in the A direction and by "a" pixels in the B direc- 
tion during the recording of one frame and modulation 
is performed "axb" times through equal time-division. 
[0136] It is further preferable that the shift pixel num- 
bers in the A direction and the B direction are set at 1 
for one of the directions and set as an integer equal to 
or larger than 2 for the other direction, or are both set 
as integers that are equal to or larger than 1 and are 
prime to each other. 

[0137] FIG. 13A conceptually shows the movement of 
each pixel (mirror) of the MMA 12 on the recording me- 
dium Pt during the image recording in the first embodi- 
ment of the present invention shown in FIGs. 6 to 9 de- 
scribed above. 

[0138] It should be noted here that in the recording 
apparatus 1 0 in the illustrated example, as a preferable 
embodiment, the two-dimensional pixel array directions 
of the MMA 1 2 coincide with the main scanning direction 
(direction shown by the arrow Y) and the auxiliary scan- 
ning direction (direction shown by the arrow X). Howev- 
er, in the present invention, there is imposed no specific 
limitation as to which of the A direction and the B direc- 
tion should be which of the main scanning direction and 
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the auxiliary scanning direction. Note that in the present 
invention, it is not required that the A direction and the 
B direction coincide with the main scanning direction 
and the auxiliary scanning direction. 
[0139] In the following description, for ease of expla- 
nation, the auxiliary scanning direction coincides with 
the A direction, the main scanning direction coincides 
with the B direction, and the first modulation operation 
is performed when there is started the shifting (when the 
recording of each frame F is started). 
[0140] As described above, in this example, during 
the recording of one frame, the frame F is shifted at a 
ratio of A directions direction=one pixekthree pixels 
and modulation is performed nine times through equal 
time-division. As a result, each pixel of the MMA 12 is 
moved as indicated by the arrows and modulation is per- 
formed at each position specified by a dot. 
[0141] Here : directing attention to a pixel position Pix 
of one pixel indicated by an arrow (position of one pixel 
on the projection image of the MMA 1 2 when the shifting 
for the recording of one frame is started), when viewed 
in the B direction, three pixels enter in the A direction 
from an end portion with reference to the B direction at 
regular intervals and advance to an end portion on the 
opposite side during the image recording of one frame. 
Then, each pixel is modulated three times at regular in- 
tervals, that is. under a state where their phases in the 
B direction (positions in the B direction) are aligned. 
[0142] That is, in this example, the A direction is di- 
vided in three (resolution is tripled) by three pixels and 
the B direction is divided in three (resolution is tripled) 
by the modulation of respective pixels whose phases 
are aligned. As a result, as indicated by the dotted tines, 
there is obtained a state where the pixel position Pix is 
divided in 3x3=9. The image recording for nine pixels 
is performed by performing modulation for each pixel. 
Accordingly, there is obtained a result that image record- 
ing is performed at resolution that is nine times as high 
as the resolution of the MMA 12. 
[0143] Accordingly, by preventing a situation where 
the courses of respective pixels overlap each other, this 
division number of one pixel (=magnification for chang- 
ing the resolution per pixel) and the state of the division 
(division number in each of the A direction and the B 
direction) are set as appropriate in accordance with tar- 
get resolution of an image or the like. By doing so, during 
the image recording that uses two-dimensionally ar- 
ranged light sources, it becomes possible to suitably 
perform image recording where there is performed the 
resolution conversion shown in FIGs. 5A to 10. 
[0144] Here, according to the investigation made by 
the inventors of the present invention, during the image 
recoding in the first embodiment of the present invention 
in which recording is performed while shifting the frame 
F, in the case where there exists a direction like the B 
direction in FIG. 13A whose shift pixel number coincides 
with the division number in the other direction (A direc- 
tion), when viewed in this direction (hereinafter referred 



to as the W B direction" in conformance with FIG. 13A for 
ease of explanation), pixels whose number is equal to 
the shift pixel number in the B direction, advance at the 
aforementioned pixel position Pix in the A direction at 
5 regular intervals. That is, during this operation, the divi- 
sion number M a" in the A direction that is the other direc- 
tion coincides with the shift pixel number in the B direc- 
tion. 

[0145] Also, as described above, the division number 
to V in the B direction becomes the number of times of 
modulation performed at the pixel position Pix. Accord- 
ingly, when the number of times of modulation during 
the recording of one frame is divided by the shift pixel 
number in the B direction, the division result becomes 
15 the division number "b" in the B direction. Conversely, it 
is possible to determine the number of times of modu- 
lation during the recording of one frame from the division 
number "b" in the B direction and the shift pixel number. 
Here, as described above, during this operation, the 
shift pixel number in the B direction is equal to the divi- 
sion number "a" in the A direction. 
[0146] That is, the division numbers "a" and "b" at the 
pixel position Pix are determined in accordance with tar- 
get resolution, the shift pixel number in one direction is 
made to coincide with the division number in the other 
direction, and modulation is performed axb times (mul- 
tiplication of the division number "a" in the A direction 
by the division number"b" in the B direction). As a result, 
it becomes possible to divide the pixel position Pix into 
a target number and to realize the changing to target 
resolution. 

[0147] Further, by setting the shift pixel numbers in 
the A direction and the B direction at 1 in one direction 
and as an integer equal to or larger than 2 in the other 
direction, or by setting the shift pixel numbers as inte- 
gers that are equal to or larger than 1 and are prime to 
each other, it becomes possible to perform the shifting 
of the frame F while preventing a situation where the 
courses of respective pixels overlap each other. 
[0148] Accordingly, by utilizing this, it becomes pos- 
sible to arbitrarily divide one pixel and to perform the 
changing to target resolution per pixel. 
[0149] More detailed description is given below with 
reference to FIGs. 14A to 14C. 
[0150] It should be noted here that In FIGs. 14A to 
14C, the shift direction is the upward direction that is 
opposite to the direction in the example described 
above. However, as is apparent from an observation 
made by inverting it upside down or the like, there exists 
no difference in operation and effect between these cas- 
es. Also, in FIGs. 14A to 14C, the shift direction is the 
rightward direction, although as is apparent from an ob- 
servation made by reversing the front and underside of 
the drawing, there is obtained completely the same op- 
eration and effect even if the shift direction is the right- 
ward direction. 

[0151] Further, the pixel pitch in the A direction differs 
from the pixel pitch in the B direction (pixels are aniso- 
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tropic) in FIGs. 14A to 14C. However, there is obtained 
completely the same operation and effect even if the pix- 
els are isotropic like in the case described above. 
[0152] In the example shown in FIGs. 14A to 14C. in 
the MMA 12 (two-dimensionally arranged light sources) 
having the pixels (projection image) shown in FIG. 14A, 
one pixel is divided into three pixels (a=3) in the A di- 
rection and is divided into four pixels (b=4) in the B di- 
rection (thus divided into 1 2 pixels in total), that is : image 
recording is performed at resolution that is 12 times as 
high as the resolution of the MMA 12 (the resolution in 
the A direction is tripled and the resolution in the B di- 
rection is enhanced four-fold). 
[0153] Accordingly, during the recording of one frame, 
if the shifting of the frame F is performed by setting the 
shift pixel number (An) in the A direction at four pixels 
and by setting the shift pixel number (Bn) in the B direc- 
tion at three pixels and modulation is performed by set- 
ting the number of times of modulation (Mn) at 
axb=3x4=1 2 through equal time-division, it becomes 
possible to realize the target division in A direction xB 
direction^ x4^=1 2. 

[0154] In the example shown in FIG. 148, the shift pix- 
el number Bn in the B direction is set at three pixels, 
which number is the same as the division number "a" in 
the A direction and the shift pixel number An in the A 
direction is set at one pixel. 

[0155] When attention is given to the pixel position 
Pix, in the B direction whose shift pixel number coincides 
with the division number (a=3) in the A direction, three 
pixels advance in the A direction at regular intervals, so 
that the pixel position Pix is divided in three in the A di- 
rection. 

[0156] On the other hand, in order to divide the pixel 
position Pix in four in the B direction, modulation need 
only be performed four times for one pixel. Therefore, 
in this example where the shift pixel number Bn in the 
B direction is three, the number of times of modulation 
Mn becomes 4xBn=4x3=12. Here, as described 
above, the shift pixel number Bn in the B direction is 
equal to the division number "a" in the A direction 
(Bn=a). Accordingly, the number of times of modulation 
Mn need only be set at a number obtained by multiplying 
the division number in the A direction for one pixel by 
the division number in the B direction for one pixel 
(Mn=bxBn=axb). * 

[01 57] By doing so, it becomes possible to realize the 
division of the pixel position Pix in 12 (A direction xB 
direction=3x4), as indicated by the dotted lines. 
[0158] FIG. 14C shows an example where the shift 
pixel number Bn in th€ B direction is set at three that is 
the same as the division number "a" in the A direction, 
like in the example described above. However, the shift 
pixel number An in the A direction is set at two pixels. 
[0159] The shift pixel number in the 3 direction coin- 
cides with the division number in the A direction 
(Bn=3=a) like in the example described above, and the 
number of times of modulation performed during the re- 



coding of one frame is axb=12. 
[0160] Here, when attention is given to the pixel posi- 
tion Pix. the pixel on the right side in FIG. 14C. out of 
three pixels advancing in the B direction, comes out of 
5 the recording position Pix midway through the shifting. 
However, another pixel enters into the pixel position Pix 
from the same position on the left side in the B direction 
and is modulated under a state where its phase is 
aligned with those of other pixels. Accordingly, in this 
10 example, three pixels spaced at regular intervals in the 
A direction advance in the B direction at all times and 
there is obtained the same effect as in the case where 
there is performed division in three in the A direction. 
Consequently, the pixel position Pix is divided in A 
'5 direction xB direction=3x4=l 2. 

[01 61 ] In the example shown in FIG . 1 5A, the shift pix- 
el number An in the A direction is set at four that is the 
same as the division number b in the B direction and the 
shift pixel number Bn in the B direction is set at one. 
Also, the number of times of modulation is set at 12 in 
a like manner. 

[0162] In this example, the shift pixel number An in 
the A direction and the division number b in the B direc- 
tion arc both sot at four and arc the same, so that the 
pixel position Pix is divided in four in the B direction by 
pixels advancing in the A direction. Also, modulation of 
four pixels whose phases are aligned in the A direction 
is performed three times, so that the pixel position Pix 
is divided in three in the A direction. As a result, like in 
each example described above, the pixel position Pix is 
divided in A direction xB direction=3x4=12. 
[0163] In the example shown in FIG. 15B, in a like 
manner, the shift pixel number An in the A direction is 
set at four that is the same as the division number b in 
the B direction and the shift pixel number Bn in the B 
direction is set at three that is the same as the division 
number a in the A direction. Also, the number of times 
of modulation is 12 in a like manner. 
[0164] In this example, the shift pixel number in each 
of the A direction and the B direction coincides with the 
division number in the other direction, so that when 
viewed in the A direction, the pixel position Pix is divided 
in four in/the B direction by pixels advancing in the A 
direction. Also, in this example, each pixel advancing in 
the A direction comes out of the recording position Pix 
midway through the shifting. However, another pixel en- 
ters thereinto in a synchronous manner as in the exam- 
ple shown in FIG. 14C described above. Therefore, four 
pixels spaced at regular intervals advance in the A di- 
rection at all times and there is obtained the same effect 
as in the case where the recording position Pix is divided 
in four in the B direction. 

[0165] Also, modulation of four pixels whose phases 
are aligned in the A direction is performed three times, 
so that the pixel position is divided in three in the A di- 
rection. As a result, like in each example described 
above, the pixel position Pix is divided in A directionxB 
direction=3x4=12. 
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[0166] In the example shown in FIG. 16, the shift pixel 
number Bn in the B direction and the division number a 
in the A direction are set at the same number that is 
three and the shift pixel number An in the A direction is 
set at five. Also, the number of times of modulation is 
set at 1 2 in a like manner. 

[0167] In this example, the shift pixel number Bn in 
the B direction is three and coincides with the division 
number a in the A direction, so that the pixel position Pix 
is divided in three in the A direction by pixels advancing 
in the B direction in a like manner. Also, in this example; 
each pixel advancing in the B direction comes out of the 
recording position Pix midway through the shifting but 
another pixel enters thereinto in a synchronous manner 
like in the example shown in FIG. 1 4C described above. 
Therefore, three pixels spaced at regular intervals in the 
A direction advance in the B direction at all times and 
there is obtained the same effect as in the case where 
the recording position Pix is divided in three in the A di- 
rection. 

[0168] Also, modulation is performed four times for 
each of three pixels whose phases are aligned in the B 
direction, so that the pixel position is divided in four in 
the B direction. As a result, like in each example de- 
scribed above, the pixel position Pix is divided in A 
direction xB direction=3x4=12. 
[0169] Here, in the first embodiment of the present in- 
vention, like in the example shown in FIG. 158, the shift 
pixel number An in the A direction is set so as to be equal 
to the division number b in the B direction and the shift 
pixel number Bn in the B direction is set so as to be equal 
to the division number a in the A direction. By doing so, 
it becomes possible to form a square by aligning the 
modulation positions in one pixel, that is, the phases for 
modulation of each pixel in the A direction and the B 
direction during the recording of one frame. As a result, 
it becomes possible to change (improve) resolution in 
both the A direction and the B direction in a u nif orm man- 
ner. In many cases, this is advantageous from the view- 
point of image quality. 

[0170] Other examples are shown in FIGs. 17A and 
17B. 

[0171] FIG. 17A shows an example where one pixel 
is divided in two (a=2) in the A direction and is divided 
in three (b=3) in the B direction. That is, in this example, 
one pixel is divided in six in total. The shift pixel number 
An in the A direction is set at three that is the same as 
the division number b in the B direction and the shift pixel 
number Bn in the B direction is set at two that is the 
same as the division number a in the A direction. Fur- 
ther, the number of times of modulation Mn is set at 2 x 
3=6. 

[0172] When attention is given to the pixel position 
Pix, like in the case described above, when viewed in 
the A direction, the pixel position Pix is divided in three 
in the B direction by pixels advancing in the A direction 
and is divided in two in the A direction by performing 
modulation, during which phases are aligned, two times. 



As a result, the pixel position Pix is divided in A 
direction ;< B direction=2x3=6. 
[0173] Also, the shift pixel number An in the A direc- 
tion and the division number b in the B direction are both 
5 three and are equal to each other and the shift pixel 
number Bn in the B direction and the division number a 
in the A direction are both two and are equal to each 
other, so that the phases of modulation in the A direction 
and the B direction are aligned in a square form. 
10 [01 74] Further, in the example shown in FIG. 1 7B, one 
pixel is divided in three (a=3) in the A direction and is 
divided in five (b=5) in the B direction. That is, one pixel 
is divided in 1 5 in total. The shift pixel number An in the 
A direction is set at five that is the same as the division 
number in the B direction and the shift pixel number Bn 
in the B direction is set at three that is the same as the 
division number in the A direction. Therefore, the 
number of times of modulation Mn is set at 3x5=15. 
[0175] Like in the example described above, when 
viewed in the A direction, the pixel position Pix is divided 
in five in the B direction by pixels advancing in the A 
direction and is divided in three in the A direction by per- 
forming modulation, during which phases are aligned, 
three times. As a result, the pixel position Pix is divided 
in A direction s B direction=3x5=15. 
[0176] Also, the shift pixel number An in the A direc- 
tion and the division number b in the B direction are both 
five and are equal to each other and the shift pixel 
number Bn in the B direction and the division number a 
in the A direction are both three and are equal to each 
other, so that the phases of modulation in the A direction 
and the B direction are aligned. 
[0177] it should be noted here that the description of 
FIGs. 1 7A and 1 7B has been made by viewing the pixel 
position Pix in the A direction. However, in this example 
where the shift pixel number in each direction coincides 
with the division number in the other direction, the same 
result is obtained even if conversely viewed in the B di- 
rection. 

[0178] As is apparent from the above description, dur- 
ing the image recording that uses the MMA 12 (two-di- 
mensionally arranged light sources), in accordance with 
the division numbers a and b of one target pixel (mag- 
nification for changing the resolution) , by setting the shift 
pixel number Bn in the B direction as to be equal to a or 
setting the shift pixel number An in the A direction so as 
to be equal to b, by setting the number of times of mod- 
ulation Mn as axb, and further by shifting the frame F 
under a state where one of An and Bn is 1 and the other 
is an integer equal to or larger than 2 or An and Bn are 
integers that are prime to each other, it becomes possi- 
ble to suitably perform image recording in which the re- 
cording resolution of the MMA 12 is efficiently enhanced 
and the resolution conversion shown in FIGs. 5A to 10 
described above is performed. 
[0179] In the first embodiment of the present inven- 
tion, as described above, during the recording of one 
frame, the frame F (projection light) is shifted (moved) 
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in a direction including both the components of the A 
direction and the B direction. This makes it possible to 
realize image recording at arbitrary resolution, which 
has conventionally been impossible during image re- 
cording that uses two-dimensionally arranged light 
sources. 

[0180] There is imposed no specific limitation on the 
method of shifting the frame F on the recording medium 
Pt and it is possible to use various kinds of methods. For 
instance, it is possible to use a method that uses the 
light deflector 12, a method with which a speed differ- 
ence is imparted between the main scanning speed (pe- 
ripheral speed of the drum 22) and the tracking for hav- 
ing the frame F remain stationary, a method with which 
a difference is imparted between the auxiliary scanning 
speed and the tracking speed in the auxiliary scanning 
direction by the light deflector a method with which the 
recording medium Pt (drum 22 in the illustrated exam- 
ple) is moved, a method with which the optical system 
is moved, a method with which these methods are com- 
bined with each other, or the like. 
[0181] On the other hand, in the second embodiment 
of the present invention, as described above, during the 
recording of one frame by having the frame remain sta- 
tionary on the recording medium Pt through the tracking, 
by shifting the frame F in the direction including both the 
main and auxiliary components, it becomes possible to 
perform image recording where the resolution of the 
MMA 12 is converted. 

[01 82] FIG. 1 3B conceptually shows the movement of 
each pixel (mirror) of the MMA 12 on the recording me- 
dium Pt during the image recording in the second em- 
bodiment of the present invention shown in FIGs. 6A to 
9 described above. 

[0183] As described above, in this embodiment, dur- 
ing the recording of one frame, the frame F is shifted at 
a ratio of auxiliary scanning direction:main scanning di- 
rection=one pixel.three pixels and modulation is per- 
formed nine times through equal time-division. As a re- 
sult, each pixel of the MMA 1 2 is moved as indicated by 
the arrows and, for instance, the modulation is per- 
formed at each position specified by a dot. 
[01 84] When attention is given to the pixel position Pix 
of one pixel indicated by an arrow, at this pixel position 
Pix, during the image recording of one frame, three pix- 
els (mirrors of the MMA 12) advance in the auxiliary 
scanning direction at regular intervals from one end to 
the other end with reference to the main scanning direc- 
tion and respective pixels are modulated three times at 
regular intervals, that is, under a state where the phases 
thereof are aligned. That is, in this example, at the pixel 
position during the image recording of one frame, an im- 
age of 3x3=9 equal pixels are recorded for one pixel 
between the main scanning direction and the auxiliary 
scanning direction. Accordingly, there is performed im- 
age recording at resolution that is nine times as high as 
the resolution of the MMA 12. 
[01 85] Here, in the recording apparatus 1 0 in the sec- 



ond embodiment of the present invention, no specific 
limitation is imposed on the shift direction and the shift 
amount in such shifting of the frame F during the record- 
ing of one frame. That is. the shift direction and the shift 

5 amount need only be determined as appropriate in ac- 
cordance with the resolution of an image to be recorded 
and the like. Also, it does not matter whether the shift 
direction and amount are fixed, are variable, or may be 
set as appropriate. 

10 [01 86] Further, in the illustrated example, the shifting 
of the frame F is performed in an opposite direction with 
reference to the main/auxiliary scanning directions. 
However, the present invention is not limited to this and 
the frame F may be shifted in a forward direction with 

is reference to the main/auxiliary scanning directions. Al- 
ternatively, for instance, the frame F may be shifted in 
a forward direction with reference to the main scanning 
direction and in an opposite direction with reference to 
the auxiliary scanning direction. 

20 [0187] Here, it is preferable that during the shifting of 
a frame F, the frame F is moved in each of the auxiliary 
scanning direction and the main scanning direction by 
one or more pixels in units of pixels (pixel pitch) of the 
MMA 12. 

25 [0188] It is particularly preferable that the shift pixel 
number is set at 1 in one of the auxiliary scanning direc- 
tion and the main scanning direction and is set as an 
integer equal to or larger than 2 in the other direction, 
or the numbers in both the directions are set as integers 

30 that are equal to or larger than 1 and are prime to each 
other and modulation is performed a number of times 
that is the square of the larger shift pixel number through 
equal time-division, 

[0189] Alternatively, it is also preferable that, under a 

35 state where the aforementioned conditions are satisfied, 
when the magnification f orchanging the resolution in the 
auxiliary scanning direction corresponding to the target 
magnification for changing the resolution is referred to 
as "a" and the magnification for changing the resolution 

40 in the main scanning direction is referred to as "b", dur- 
ing the recording of one frame, the frame F is shifted by 
M b" pixels in the auxiliary scanning direction or by "a" 
pixels in the main scanning direction and modulation is 
performed axb times through equal time-division. Note 

43 that even in this case, it is preferable that the shift pixel 
number is set at 1 in one of the auxiliary scanning direc- 
tion and the main scanning direction and is set as an 
integer equal to or larger than 2 in the other direction, 
or the numbers in both the directions are set as integers 

so that are equal to or larger than 1 and are prime to each 
other 

[0190] By satisfying the conditions described above, 
it becomes possible to efficiently enhance the recording 
resolution of the MMA 1 2 and to suitably perform image 
55 recording where there is performed the resolution con- 
version shown in FIGs. 5A to 1 0 described above. Note 
that there is imposed no specific limitation as to which 
of the A direction and the main scanning B direction un- 
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der the conditions described above corresponds to 
which of the main scanning direction and the auxiliary 
scanning direction. 

[01 91 ] No specific limitation is imposed on the method 
of performing such shifting of the frame F (projection 
light), that is, a method of imparting a relative speed dif- 
ference between (i) the main scanning and the auxiliary 
scanning and (ii) the tracking by the frame F during the 
recording of one frame. That is f it is possible to use var- 
ious kinds of methods. 

[01 92] For instance, it is possible to use a method with 
which a speed difference is imparted between the main 
scanning speed (peripheral speed of the drum 22) and 
the tracking for having the frame F remain stationary, a 
method that uses the light deflector 12 as described 
above, a method with which a difference is imparted be- 
tween the auxiliary scanning speed and the tracking 
speed in the auxiliary scanning direction by the light de- 
flector, a method with which the recording medium Pt 
(drum 22 in the illustrated example) is moved, a method 
with which the optical system is moved, a method with 
which these methods are combined with each other, or 
the like. 

[0193] Next, in the third embodiment of the present 
invention, during the recording of one frame, no specific 
limitation is imposed on the shift direction and the shift 
amount in performing such shifting of the frame F. Also, 
in the recording apparatus 10, the shift direction and 
shift amount of this frame F may be variable or may be 
set as appropriate. 

[0194] Here ; when one of pixel array directions of the 
MMA 12 (two-dimensionally arranged light sources) is 
referred to as the A direction, the other thereof is re- 
ferred to as the B direction, the recording pixel pitch in 
the A direction is referred to as Ap, the recording pixel 
pitch in the B direction is referred to as Bp, the shift 
amount in the A direction is referred to as As, the shift 
amount in the B direction is referred to as Bs, and further 
As/Ap=m, and Bs/Bp=n, it is preferable that the shifting 
of the frame F is performed so that both of "m" and "n" 
become an integer equal to or larger than 1 . That is, it 
is preferable that the shifting of the frame F is performed 
in units of pixels (pixel pitch) of the MMA 12 and the 
frame F is moved by one or more pixels in each of the 
A direction and the B direction. 
[0195] It is particularly preferable that the shifting of 
the frame F is performed so that there is satisfied a con- 
dition that one of "m" and M n" is 1 and the other thereof 
is an integer equal to or larger than two. Alternatively, it 
is preferable that the shifting of the frame F is performed 
so that there is satisfied a condition that M m w and "n" are 
both integers that are equal to or larger than 1 and are 
prime to each other. 

[0196] It should be noted here that in the recording 
apparatus 10 in the illustrated example, the A direction 
and the B direction coincide with the main scanning di- 
rection and the auxiliary scanning direction. However, 
no specific limitation is imposed on the correspondence 



between (i) the A direction and the B direction and (ii) 
the main scanning direction and the auxiliary scanning 
direction. 

[0197] Further, it is preferable that under a state 
5 where the conditions described above are satisfied, the 
number of times of modulation of the MMA 12 (number 
of times of switching of a displayed image, that is, the 
number of time-division) during the recording of one 
frame is set as the square of larger one of "m" and V 
10 and the modulation is performed through equal time-di- 
vision. 

[0198] FIG. 18A conceptually shows the movement of 
each pixel (mirror) of the MMA 12 on the recording me- 
dium Pt in the example of image recording in the third 
is embodiment of the present invention shown in FIGs. 5A 
to 9 described above. 

[01 99] It should be noted here that in the following de- 
scription, for ease of explanation, the horizontal direc- 
tion in the drawings is set as the A direction, the vertical 
direction therein is set as the B direction, and the first 
modulation operation is performed when the shifting is 
started (when the recording of each frame F is started). 
[0200] As described above, in this example, during 
the recording of one frame, the frame F is shifted at a 
ratio of A direction: B direction=one pixekthree pixels=m: 
n, and the modulation is performed nine times (square 
of three that is the value of V that is greater than "m") 
through equal time-division. As a result, each pixel of 
the MMA 12 is moved as indicated by the arrows and 
the modulation is performed at each position specified 
by a dot. 

[0201] Here, when attention is given to the pixel posi- 
tion Pix of one pixel indicated by an arrow, at this pixel 
position Pix, during the image recording of one frame, 
three pixels (mirrors of the MMA 12) enter in the A di- 
rection from one end portion with reference to the B di- 
rection at regular intervals and advance to an end por- 
tion on the opposite side. During this operation, each 
pixel is modulated three times at regular intervals, that 
is, under a state where their phases are aligned. That 
is, in this example, at the pixel position at the beginning 
of recording of one frame, an image of 3x3=9 pixels that 
is even between A direction and B direction is recorded 
for one pixel. Accordingly, it is possible to approximately 
evenly perform image recording in both directions at res- 
olution that is three times as high as the resolution of 
the MMA 12. 

[0202] FIG. 1 8B conceptually shows the movement of 
each pixel of the MMA 12 in the case where the frame 
F is shifted at a ratio of A direction :B direction=one pixel: 
four pixels. 

[0203] In this example, m:n=1 :4, so that each pixel of 
the MMA 1 2 moves as indicated by the arrows and mod- 
ulation is performed sixteen times during the recording 
of one frame through equal time-division. 
[0204] In a like manner, when attention is given to the 
pixel position Pix specified by an arrow, four pixels ad- 
vance from one end portion to the other end portion 
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thereof in the B direction at the same interval and mod- 
ulated four times while aligning the phases. That is, in 
this example, at the pixel position at the beginning of 
recording, an image of 4x4=16 pixels that is even be- 
tween the A direction and the B direction is recorded for 
one pixel. Accordingly, it is possible to substantially 
evenly perform image recording in both directions at res- 
olution that is four times as high as the resolution of the 
MMA 12. 

[0205] FIG. 1 9A conceptually shows the movement of 
each pixel of the MMA 12 in the case where the frame 
F is shifted at a ratio of A directions direction=two pix- 
els:three pixels. 

[0206] In this example, m:n=2:3, so that each pixel of 
the MMA 1 2 moves as indicated by the arrows and mod- 
ulation is performed nine times during the recording of 
one frame through equal time-division. 
[0207] In a like manner, when attention is given to the 
pixel position Pix specified by an arrow, three pixels en- 
ter thereinto in the A direction at regular intervals from 
an end portion with reference to the B direction. Here, 
in this example where neither of "m" and "n" is 1, two 
pixels are modulated three times while advancing from 
one end portion of this pixel position Pix to the other end 
portion thereof in the B direction, although the remaining 
one pixel comes out of the pixel position Pix midway 
through the modulation. However, concurrently with this 
coming-out, another pixel enters there from an opposite 
end portion in the A direction having a smaller shift 
amount at the same interval in the A direction and at the 
same position in the B direction, and this pixel is modu- 
lated once at a timing at which other pixels are modu- 
lated. Accordingly, the number of times of modulation at 
this pixel position Pix becomes nine. Also, during the 
modulation of each pixel, the phases of respective pixels 
in the B direction are aligned. 
[0208] That is, even in this example, at the pixel po- 
sition at the beginning of recording, an image of 3x3=9 
pixels that is even between the A direction and the B 
direction is recorded for one pixel. Accordingly, it is pos- 
sible to approximately evenly perform image recording 
in both directions at resolution that is three times as high 
as the resolution of the MMA 12. 
[0209] FIG. 1 9B conceptually shows the movement of 
each pixel of the MMA in the case where the frame F is 
shifted at a ratio of A directions direction=three pixels: 
five pixels. 

[021 0] In this example, m:n=3:5, so that each pixel of 
the MMA 1 2 moves as indicated by the arrows and mod- 
ulation is performed twenty-five times during the record- 
ing of one frame through equal time-division. 
[0211] In a like manner, when attention is given to the 
pixel position Pix specified by an arrow, five pixels enter 
thereinto in the A direction at regular intervals from an 
end portion with reference to the B direction, and three 
pixels advance to the other end portion of this pixel po- 
sition Pix in the B direction, although the remaining two 
pixels comes out of the pixel position Pix midway 



through the modulation. However in the same manner 
as the preceding example, in the same timing with this 
coming-out, another pixel enters the pixel position Pix 
at the same interval in the A direction and at the same 

5 position in the B direction, and this pixel is modulated 
under a state where the phases of the pixels at the pixel 
position Pix are aligned. Accordingly, the number of 
times of modulation at this pixel position Pix becomes 
twenty-five. Also, during the modulation of each pixel, 

10 the phases of respective pixels in the B direction are 
aligned. 

[0212] That is, even in this example, at the pixel po- 
sition at the beginning of recording, an image of 5x5=25 
pixels that is even between the A direction and the B 
is direction is recorded for one pixel. Accordingly, it is pos- 
sible to substantially evenly perform image recording in 
both directions at resolution that is five times as high as 
the resolution of the MMA 12. 

[0213] As is apparent from the above description, dur- 
ing the image recording by the present invention, at the 
pixel position of one pixel at the beginning of recording, 
pixels whose number is equal to the shift pixel number 
(pixel pitch number) in the B direction enter from an end 
portion with reference to the B direction (direction with 
a greater shift pixel number) at regular intervals in the 
A direction (direction with a smaller shift amount). Ac- 
cordingly, if the advancing paths of pixels entering there- 
into do not overlap each other, this pixel position is 
placed in a state where the position is divided in the shift 
pixel numbers in the A direction t and the B direction 
(state where the resolution is increased). 
[0214] Also, in the case where one pixel is divided in 
the shift pixel numbers in the A direction and the B di- 
rection, if modulation is performed a number of times 
that is the square of the shift pixel number in the B di- 
rection through equal time-division during the recording 
of one frame, the number of times of modulation of each 
pixel at the pixel position of one pixel becomes equal to 
the division number in the A direction and the phases of 
respective pixels during the modulation are aligned in 
the B direction. That is, it becomes possible to obtain a 
situation where the division number in the A direction is 
equal to the division number in the B direction. 
[0215] By doing so, it becomes possible to perform 
division that is equal between both directions, to perform 
modulation in each direction, to equalize the resolution 
between both directions, and to improve the resolution 
of the MMA 12. 

[0216] That is, during the image recording that uses 
the MMA 12 (two-dimensional ly arranged light sources), 
the shifting of the frame F is performed in units of pixels 
so that there is satisfied the condition that one of "m" 
and "n" is one and the other thereof is an integer of at 
least two or both of w m" and "n" are integers that are at 
least one and are prime to each other. Also, modulation 
is performed a number of times that is the square of larg- 
er one of "m" and "n" through equal time-division. By 
doing so, it becomes possible to improve the resolution 
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of the MMA 12 at favorable efficiency and to equalize 
the improvement of the resolution by the shifting of the 
frame F between the A direction and the B direction. 
That is. it becomes possible to uniformly improve the 
resolution of the MMA 12 in the two-dimensional direc- 
tions and to record a high-quality image in which there 
has been performed the resolution conversion shown in 
RGs. 5A to 10 described above. 
[0217] By the way, in the example shown in FIGs. 19A 
and 19B ; there is a case where one modulation opera- 
tion for a pixel entering the pixel position Pix is not fin- 
ished within this pixel position Pix and the modulation is 
continued even if the pixel reaches an adjacent pixel po- 
sition. 

[0218] For instance, as shown in FIG. 20A in which 
the pixel position Pix in FIG. 19A is magnified, in the 
case where there is obtained a duty of 100% at a pixel 
specified by the arrow "a" that passes through the pixel 
position Pix, the modulation started at the point "b" is 
finished at the position marked "x M . That is, this pixel 
enters an adjacent pixel position, 
[021 9] In order to obviate the inconvenience like this, 
in the present invention, the number of times of modu- 
lation may be set as a number obtained by multiplying 
larger one of "m" and "n" by the least common multiple 
of both of "m" and "n". By doing so, it becomes possible 
to prevent a situation where the modulation started at 
each pixel position enters an adjacent pixel position. 
[0220] That is, in this example, m:n=2:3, so that there 
occurs no problem if modulation is performed 3x6=18 
times during the recording of one frame, as shown in 
FIG. 20B. 

[0221] Each example described above has been ex- 
plained based on the assumption that the pixels (pixel 
pitch) of the MMA 12 are isotropic, that is, Ap=Bp. How- 
ever, even in the case of anisotropic pixels (Ap*Bp), it 
is possible to perform suitable changing of resolution in 
a like manner using the present invention. 
[0222] Further, in the case where the pixels are ani- 
sotropic, it is preferable that by utilizing this method, T 
that is an integer is obtained under a condition of "Bp/ 
m=q and Ap/q=t" when m>n and is obtained under a 
condition of "Ap/n=q and 8p/q=t" when m<n and modu- 
lation is performed m*t times through equal time-division 
when m>n and is performed n't times through equal 
time-division when m<n. 

[0223] An example thereof is shown in FIG. 21 A. In 
this drawing, there is conceptually shown the movement 
of each pixel of the MMA 12 during the shifting of the 
frame F at a ratio of A direction :B direction=one pixel: 
two pixels using the MMA 12 whose pixels (pixel pitch) 
arc Ap:Bp=2:3. 

[0224] When attention is given to the pixel position Pix 
of one pixel, Ap:Bp=2:3 in this example, so that one pixel 
is divided in two in the A direction and is divided in three 
in the B direction (divided in six in total). By performing 
modulation in each direction, it becomes possible to re- 
alize resolution that is equal between the A direction and 



the B direction. 

[0225] In the example shown in FIG. 21 A. m:n=1:2 
and m<n. so that Ap/n=2/2=1=q. Also. T becomes an 
integer solution from Bp/q=3/1=3=t. Accordingly, during 

5 the recording of one frame, modulation may be per- 
formed n*t=2x3=6 times through equal time-division. 
By doing so, as shown at the pixel position Pix, it be- 
comes possible to perform the modulation through the 
division in two in the A direction and the division in three 

10 in the B direction (division in six in total). 

[0226] Another example is shown in FIG. 21 B. In this 
drawing, there is conceptually shown the movement of 
each pixel of the MMA 12 during the shifting of the frame 
F at a ratio of A direction: B direction=two pixels:three 

is pixels using the MMA 12 whose pixels (pixel pitch) are 
Ap:Bp=3:4. 

[0227] When attention is given to the pixel position Pix 
of one pixel, Ap:Bp=3:4 in this example, so that one pixel 
is divided in three in the A direction and is divided in four 
20 in the B direction (divided in 12 in total). By performing 
modulation in each direction, it becomes possible to re- 
alize resolution that is equal between the A direction and 
the B direction. 

[0228] In the example shown in FIG. 21 B, m:n=2:3 

25 and m<n, so that Ap/n=3/3=1=q. Also, T becomes an 
integer solution from Bp/q=4/1 =4=t. Accordingly, during 
the recording of one frame, modulation may be per- 
formed n # t=3x4=12 times through equal time-division. 
By doing so, as shown at the pixel position Pix, it be- 

30 comes possible to perform the modulation through the 
division in three in the A direction and the division in four 
in the B direction (division in 12 in total). 
[0229] As described above, in the example shown in 
FIG. 21 A, Ap:Bp=2:3, so that one pixel is divided in two 

35 in the A direction and is divided in three in the B direction 
(divided in six in total). Alternatively, the pixel may be 
divided in numbers that are integral multiples thereof. 
By performing modulation in each direction, it becomes 
possible to realize resolution that is equal between the 

40 A direction and the B direction. 

[0230] Here, as described above, in the present in- 
dention, when viewed from the B direction (direction 
having a larger shift amount), pixels whose number is 
the same as the shift pixel number enter. That is, in the 

^5 illustrated example, if the shift pixel number in the B di- 
rection is two. it is possible to divide one pixel in two in 
the A direction. 

[0231] On the other hand, it is possible to divide one 
pixel in three in the B direction by performing modulation 

so six times during the recording of one frame because the 
shift pixel number in the B direction is two. Here, one 
pixel is divided in two in the A direction, so that if an 
integer solution is not obtained when dividing Bp by the 
number "q" obtained by dividing Ap by two (=n) (that is, 

55 Bp/q), it becomes impossible to perform division that is 
equal between the A direction and the 8 direction. 
[0232] Accordingly, in the case where pixels have an- 
isotropy, if there is satisfied the condition described 
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above, that is, if the number (t) obtained by dividing a 
pixel having a larger shift pixel number by the number 
"q" calculated by dividing a pixel (pixel pitch) having a 
smaller shift pixel number by a larger shift pixel number 
becomes an integer solution, the number of times of 
modulation is set at a number obtained by multiplying 
the larger shift pixel number by T and modulation is per- 
formed through equal time-division. By doing so., it be- 
comes possible to perform the changing of resolution so 
that the resolution in the A direction is equal to the res- 
olution in the B direction. 

[0233] Even in the third embodiment of the present 
invention, like in the first embodiment, the frame F (pro- 
jection light) is shifted (moved) in a direction containing 
components in both of the A direction and the B direction 
during the recording of one frame in this manner. By do- 
ing so, during the image recording that uses two-dimen- 
sionally arranged light sources, there is realized the im- 
age recording al an arbitrary resolution that has conven- 
tionally been impossible. 

[0234] It should be noted here that even in the third 
embodiment of the present invention, like in the first em- 
bodiment, no specific limitation is imposed on the meth- 
od of shifting the frame F on the recording medium Pt. 
That is, it is possible to use various kinds of methods. 
For instance, it is possible to use the methods described 
above. 

[0235] Individual features of an image recording 
method and an image recording apparatus according to 
the fourth embodiment of the present invention will be 
described below. 

[0236] By the way, in the conventional image record- 
ing that uses two-dimensionally arranged light sources, 
the expressible resolution is limited to an integral multi- 
ple of one pixel of the two-dimensionally arranged light 
sources (one pixel of the MMA 12 from which light is 
projected in the illustrated example). Consequently, in 
the case where there exists an error in the pitch of the 
MMA 12 (two-dimensionally arranged light sources) or 
an error from a design value in the focusing optical sys- 
tem, in the case where there exists an error in the diam- 
eter of the drum 22, in the case where there exists an 
error in the main scanning speed or the auxiliary scan- 
ning speed, in the case where there occurs an error in 
the size of the recording medium Pt or a machine part 
due to an environmental fluctuation concerning the tem- 
perature, humidity, or the like, or in other similar casesT 
the resolution of an image to be recorded reflects these 
errors and becomes different from a design value. Also, 
in order to correct these errors, it has been required to 
prepare a zoom lens or a focusing optical system for 
correction. 

[0237] In contrast to this, as is apparent from the 
above description, according to the fourth embodiment 
of the present invention, during image recording that us- 
es two-dimensionally arranged light sources utilizing the 
MMA 12 or the like, the frame F (projection light from 
the two-dimensionally arranged light sources) is shifted 



(moved) in a direction containing both the main and aux- 
iliary components while the two-dimensionally arranged 
light sources are modulated in accordance with an im- 
age to be recorded. As a result, it becomes possible to 
5 perform image recording that is similar to a so-called 
scan exposure. 

[0238] That is, according to the fourth embodiment of 
the present invention, irrespective of the resolution of 
the two-dimensionally arranged light sources, each pix- 
10 el of the two-dimensionally arranged light sources is 
modulated in accordance with a target image and reso- 
lution. As a result, it becomes possible to perform image 
recording at arbitrary resolution without using a zoom 
lens or the like. 
15 [0239] Therefore, there is predicted an error in the fo- 
cusing optical system, a pitch error concerning the MMA 
12, a size error concerning the recording medium Pt or 
a machine part due to a fluctuation of the temperature, 
humidity, or the like, for instance. By taking an errorcon- 
ceming resolution resulting from these errors into con- 
sideration, for example, there is predicted (calculated) 
the focusing position of each pixel of the MMA 12 on the 
recording medium Pt and modulation is performed in ac- 
cordance with an image having target resolution in the 
manner described above. As a result, it becomes pos- 
sible to obtain high-quality image where there occurs no 
error in resolution. Further, when such modulation per- 
formed by the shifting of a frame is performed in accord- 
ance with an image having target resolution, it becomes 
possible to record an image having arbitrary resolution, 
that is, to perform resolution conversion without difficul- 
ty. 

[0240] Further, in accordance with the fourth embod- 
iment of the present invention in which image recording 
is performed by shifting the frame by the MMA 12 (two- 
dimensionally arranged light sources) in this manner, it 
becomes possible to correct image quality degradation 
(hereinafter also referred to as the "correction of distor- 
tion aberration") due to the distortion aberration pos- 
sessed by the optical system (mainly possessed by the 
focusing lens 18) as well as the error in resolution de- 
scribed above. 

[0241] As is publicly known, a lens has distortion ab- 
erration (of pincushion type, barrel type, or the like), so 
that a frame focused on the recording medium Pt is also 
distorted accordingly. Consequently, if an image is 
formed by disposing such distorted frames in the man- 
ner shown in FIG. 3, there is generated a region in which 
no frame (image) is projected, or a region in which a 
plurality of frames overlap each other, in accordance 
with the distortion due to the distortion aberration. As a 
result, there is generated a stripe-shaped unevonness 
or the like in the image. 

[0242] In contrast to this, in accordance with the fourth 
embodiment of the present invention in which exposure 
is performed by scanning frames by the MMA 12, there 
is predicted the state of distortion aberration possessed 
by the optical system and each pixel of the MMA 12 is 
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modulated in accordance with a result of the predication. 
Consequently, it becomes possible to record an appro- 
priate image where the distortion aberration has been 
corrected. 

[0243] For instance, during the recording of one 
frame, as shown in FIG. 22A. a three-pixel image having 
a key shape that is the same as the image described 
above is recorded at each of three positions specified 
by reference symbols "a", "b'\ and "c". 
[0244] It is assumed that during this operation, the 
frame F formed by the MM A 12 is focused on the record- 
ing medium Pt while being distorted as a result of the 
distortion aberration (pincushion type in the illustrated 
example) by the focusing lens 1 8, as shown in FIG. 228. 
On the other hand, an image at the position "a M in FIG. 
22A is recorded in an area specified by a circle "a" of 
the frame F formed by the MMA 12 shown in FIG. 22B, 
an image at the position M b" is recorded in an area spec- 
ified by a circle "b" thereof, and an image at a position 
"c" is recorded in an area specified by a circle M c" thereof. 
As shown in FIG. 22B, at the positions "b" and V, the 
images are distorted due to the distortion aberration. 
[0245] The distortion like this of the frame F due to the 
aberration is predicted and the modulation of the MMA 
12 is performed in accordance with the predicted distor- 
tion. 

[0246] As a specific example, there is predicted the 
distortion of the frame F due to the distortion aberration 
and the predicted distortion is taken into consideration. 
By doing so, it becomes possible to know the position 
of each pixel (its center) of the MMA 1 2 on the recording 
medium Pt at a timing of each modulation corresponding 
to the shifting of the frame (at a position at which the 
frame described above is shifted by the predetermined 
amount). Consequently, in accordance with this, like in 
the example described above, by activating each pixel 
of the MMA 12 whose center is contained in an image 
that should be recorded, it becomes possible to record 
an appropriate image in which there has been corrected 
the distortion aberration. 

[0247] As an example, like in the aforementioned ex- 
ample shown in FIGs. 4 to 1 0 ( the frame F is shifted at 
a ratio of main scanning direction:auxiliary scanning di- 
rection=3:1 and one frame is recorded by performing 
modulation nine times through equal time-division. 
[0248] During this operation, if there is recorded an 
image shown in FIGs. 22A and 22B, the image recording 
at the position "a" in FIG. 22B, in which there exists no 
distortion of a frame due to aberration, becomes the one 
as shown in FIG. 23A. That is, the image recording be- 
comes the same as the recording shown in FIGs. 6A to 
81 described above. 

[0249] It should be rioted here that needless to say, 
the recording at each position in FIGs. 23A to 23C cor- 
responds to FIGs. 6A to 8 1 described above in order from 
the upper side. 

[0250] On the other hand, due to the distortion aber- 
ration, the position "b" of the frame F has slight distortion 



and the position "c" of the frame F has greater distortion. 
[0251] However, as described above, in this example, 
this distortion is predicted and is taken into considera- 
tion. As a result, it becomes possible to predict the po- 
5 sition of each pixel of the MMA 12 on the recording me- 
dium Pt during each modulation. In accordance with this 
predicted position, at each modulation position at which 
the frame is shifted by the predetermined amount, there 
is activated each pixel of the frame F whose center has 
10 entered in an image to be recorded. Accordingly, the 
modulation of each pixel of the MMA 12 at the position 
"b" is performed in the manner shown in FIG. 23B. On 
the other hand, the modulation of each pixel of the MMA 
1 2 at the position "c" is performed in the manner shown 
f5 in FIG. 23C. 

[0252] During the image recording shown in FIGs. 
23A to 23C, if there is extracted only on-pixels of the 
MMA 12, there are obtained situations shown in FIGs. 
24A ; 24B. and 24C. Accordingly, the key-shaped image 
at each of the positions "a", "b\ and "c" becomes as 
shown in FIGs. 25A, 25B, and 25C. 
[0253] That is, according to the fourth embodiment of 
the present invention, by utilizing the shifting of the 
frame F, like in the aforementioned example, it becomes 
possible to record an appropriate image in which al- 
though there exists slight projection that does not cause 
any problem concerning image quality, the distortion ab- 
erration possessed by the optical system has been cor- 
rected as shown in FIGs. 25A to 25C. 
[0254] A modulating method in which an error con- 
cerning an image recording and focusing optical sys- 
tem, a pitch error of the MMA 12, and the like are pre- 
dicted and an error in resolution resulting from the pre- 
dicted errors is taken into consideration during the mod- 
ulation of each pixel of the MMA 12 (two-dimensionally 
arranged light sources) while shifting the frame F will be 
described below with reference to FIGs. 11 and 12. The 
modulating method in the fourth embodiment of the 
present invention is the same as the modulating method 
in the first to third embodiments of the present invention 
described above and therefore the description thereof 
will be omitted. 

[0255] It should be noted here that in the fourth em- 
bodiment of the present invention, these functions Fx 
and Fy (determining LUT) are set by taking into consid- 
eration the predicted errors such as an error in the pitch 
of the MMA 12 and a size error concerning a machine 
part due to a temperature fluctuation, and so forth as 
well as the shift amount of the frame F. As a result, during 
image recording that uses two-dimensionally arranged 
light sources, it becomes possible to record an image 
having appropriate resolution in which resolution error 
has been corrected. Alternatively, there is predicted the 
distortion aberration of the focusing lens 18 or the like 
as described above and the functions Fx and Fy are set 
by taking the predicted distortion aberration into consid- 
eration. Accordingly, it becomes possible to record a 
high-quality image in which the distortion aberration has 
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been corrected. 

[0256] Further, in the fourth embodiment of the 
present invention, needless to say. it is preferable that 
image recording is performed so that both of such res- 
olution error and distortion aberration are corrected. 
Therefore, it is possible to predict both of the resolution 
error and the distortion aberration and to determine the 
functions Fx and Fy by taking the predicted resolution 
error and distortion aberration into consideration. 
[0257] It should be noted here that there is a case 
where the size or the like of the recording medium Pt 
changes with time due to a temperature fluctuation or 
the like. That is ; there is a case where a resolution error 
or the like also changes with time. 
[0258] Accordingly, these functions Fx and Fy may be 
changed (adjusted) with time. This changing of the func- 
tions may be performed in accordance with a result of 
measurement of an environmental room temperature or 
the like. Also, this changing may be performed in ac- 
cordance with a preset sequence. Further, this changing 
may be performed by combining the measurement re- 
sult and the preset sequence. 

[0259] It should be noted here that with this modulat- 
ing method, an image by moans of the MM A 12 (two- 
dimensionally arranged light sources) is mapped on the 
recording medium Pt and an image pattern that should 
be recorded on the recording medium Pt is compared 
with the image position of each pixel of the MMA 12 on 
the recording medium Pt. By doing so, the activation/ 
deactivation of each pixel of the MMA 12 is determined. 
However, the fourth embodiment of the present inven- 
tion is not limited to this. It is possible to determine the 
activation/deactivation of each pixel of the MMA 12 by 
conversely mapping a pattern to be recorded on the re- 
cording medium Pt on the two-dimensionally arranged 
light sources. 

[0260] FIG. 13B conceptually shows the movement of 
each pixel (mirror) of the MMA 12 on the recording me- 
dium Pt during the image recording in the fourth embod- 
iment of the present invention shown in FIGs. 6A to 9 
and the like described above. However, the pixel move- 
ment in the fourth embodiment is basically the same as 
the movement of each pixel of the MMA 12 during the 
image recording in the second embodiment of the 
present invention, so that the concrete description 
thereof will be omitted. 

[0261] Even in the fourth embodiment of the present 
invention, as shown in FIG. 13B. when attention is given 
to the pixel position Pix of one pixel specified by an ar- 
row, during the image recording of one frame, an image 
having 3x3=9 pixels is recorded for one pixel evenly 
between the main scanning direction and the auxiliary 
scanning direction. Accordingly, image recording at res- 
olution that is nine times as high as the resolution of the 
M MA 1 2 is performed through the shifting of the frame F. 
[0262] Here, even in the recording apparatus 1 0 in the 
fourth embodiment of the present invention, like in the 
second embodiment of the present invention, no specif- 



ic limitation is imposed on the shift directions and shift 
amounts in the main scanning direction and the auxiliary 
scanning direction when the shifting of the frame F is 
performed during the recording of one frame. That is, 
5 the shift directions and shift amounts need only be de- 
termined as appropriate in accordance with the resolu- 
tion and the like of an image to be recorded. Therefore, 
it is possible to use the methods described above. 
[0263] In this embodiment, like in the second embod- 
w iment, it is preferable that the shifting of the frame F is 
performed in units of the pixels (pixel pitch) of the MMA 
1 2 so that the frame F is moved by at least one pixel in 
each of the auxiliary scanning direction and the main 
scanning direction. It is possible to perform this shifting 
'5 using the same methods as described above. However, 
during this operation, under a condition where the con- 
ditions described above are satisfied, when the magni- 
fication for changing the resolution in the auxiliary scan- 
ning direction corresponding to the target magnification 
for changing the resolution is referred to as "a" and the 
changing magnification in the main scanning direction 
corresponding thereto is referred to as "d", the frame F 
may be shifted by "b" pixels in the auxiliary scanning 
direction and by a number of pixels that is equal to or 
less than "b M in the main scanning direction during the 
recording of one frame. Alternatively, the frame F may 
be shifted by "a" pixels in the main scanning direction 
and by a number of pixels that is equal to or less than 
"a rt in the auxiliary scanning direction. 
[0264] In the fourth embodiment of the present inven- 
tion, by satisfying the conditions described above, it be- 
comes possible to improve the recording resolution of 
the MMA 12 with efficiency and to suitably perform the 
image recording where there has been performed the 
correction of resolution or distortion aberration shown in 
FIGs. 5A to 1 0 and the like described above. Note that 
needless to say, no specific limitation is imposed on the 
correspondence between (i) the A direction and B direc- 
tion under the conditions described above and (ii) the 
main scanning direction and the auxiliary scanning di- 
rection. 

[0265] Like in the second embodiment, no specific 
limitation is imposed on the method of performing the 
shifting of the frame F (projection light) like this. That is, 
it is possible to use various kinds of methods. For in- 
stance, it is possible to use the same methods as de- 
scribed above. 

[0266] Next, individual features of an image recording 
method and an image recording apparatus in the fifth 
embodiment of the present invention will be described 
below. 

[0267] By the way, as described above, during con- 
ventional image recording that uses two-dimensionally 
arranged light sources, the position and light quantity of 
projection light of each pixel of the MMA 12 is uniquely 
determined by an optical system. 
[0268] Accordingly, the shading possessed by the op- 
tical system, that is, the focusing position error of an im- 
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age, the si7e error of each pixel, the light quantity error 
of each pixel, and the like on the focusing surface (sur- 
face of the recording medium Pt) described above are 
reflected in a focused image as they are. In order to cor- 
rect the shading like this, it is required to perform high- 
speed pulse modulation of each pixel. This means that 
it is substantially difficult to realize the correction of the 
shading. 

[0269] In contrast to this, as is apparent from the 
above description, in accordance with the fifth embodi- 
ment of the present invention, during image recording 
that uses two-dimensionally arranged light sources that 
utilize the MMA 12 and the like, the frame F (projection 
light from the two-dimensionally arranged light sources) 
is shifted (moved) in a direction containing both the main 
and auxiliary components and the two-dimensionally ar- 
ranged light sources are modulated in accordance with 
an image to be recorded. As a result, it becomes possi- 
ble to perform image recording thai is similar to so-called 
scan exposure using the two-dimensionally arranged 
light sources. 

[0270] Consequently, according to the fifth embodi- 
ment of the present invention a threshold value for ac- 
tivation is sot so that the shading possessed by the op- 
tical system is corrected in accordance with the position 
of each pixel. By doing so, it becomes possible to direct- 
ly adjust the area ratio of an image that makes it possible 
to record a high-quality image in which local fluctuations 
of an image area ratio are extremely reduced and the 
shading is suitably corrected. 
[0271] An example of a method of modulating the 
MMA 12 (two-dimensionally arranged light sources) 
which involves the shading correction during such im- 
age recording that is performed while shifting the frame 
F will be described below with reference to FIGs. 26 and 
27. 

[0272] As shown in the upper-left portion in FIG. 26 
and center-left portion in FIG. 27, a pixel that is the ith 
pixel in one of the pixel alignment/disposal directions of 
the MMA 1 2 and is the jth pixel (mirror) in the other there- 
of is referred to as the "pixel (i, j)*. Note that in the illus- 
trated example, T corresponds to the auxiliary scanning 
direction (X direction) and "j M corresponds to the main 
scanning direction (Y direction). Also, the pixel pitch of 
this MMA 12 in the main scanning direction is referred 
to as Ay and the pixel pitch thereof in the auxiliary scan- 
ning direction is referred to as Ax. 
[0273] Accordingly, it is possible to obtain the center 
position (Xj, yp of this pixel (i, j) from (i*Ax, j*Ay). 
[0274] Here : a function expressing a shift amount in 
the auxiliary scanning direction is referred to as Fx and 
a function expressing a shift amount in the main scan- 
ning direction is referred to as Fy. In this case, the loca- 
tion of the center position (x,, yp of the aforementioned 
pixel (i, j) of the MMA 12 on the projection image at a 
time V during the recording of one frame can be ex- 
pressed as "(Fx(Xj, yj, t), Fy(x,, t)) M . In the following 
description, this position will be referred to as the image 



center position (x j( yp. 

[0275] In the block diagram shown in FIG. 27, the im- 
age center position (x jr yp is obtained using a shift 
amount determining LUT (lookup table) corresponding 
5 to these functions Fx and Fy. It should be noted here 
that these functions Fx and Fy (determining LUT) may 
be set in consideration of the distortion aberration in the 
focusing lens 1 8 and the like as well as the shift amount. 
By doing so, it becomes possible to correct the shading 
10 and the aberration in the lens. 

[0276] Also, after the image center position (X jt Yp is 
calculated, there are generated a threshold value Thr m 
corresponding to the auxiliary scanning direction and a 
threshold value Thr n corresponding to the main scan- 
15 ning direction that are used to correct the shading in re- 
sponse to this pixel position (these threshold values will 
also be hereinafter collectively referred to as the 
"threshold values Thr"). 

[0277] The threshold values Thr may be generated by 
calculation for each image center position (X jf Yp. Alter- 
natively, the threshold values Thr may be generated as 
an LUT in advance in response to each image center 
position (X,, Yp during the recording of one frame. 
[0278] It should be noted here that a method of deter- 
mining the threshold values Thr will be described in de- 
tail later. 

[0279] On the other hand, the pixel pitch in the main 
scanning direction and the pixel pitch in the auxiliary 
scanning direction at the output resolution of an image 
to be recorded are respectively referred to as AY and 
AX. 

[0280] As described above, the center position (x jt yp 
of the pixel (i, j) of the MMA 1 2 becomes an image center 
position (X h Yp on the projection image. Accordingly, by 
dividing the image center position by the pixel pitches, 
it becomes possible to know at which pixel on a bitmap 
of an image to be recorded there is positioned the image 
center position. In the case where ( (x/AX), (Y/AY)) cor- 
responds to an on-pixel (m on , n on ) on the image bitmap 
of an image to be recorded, it is possible to perform the 
image recording by modulating the MMA 1 2 so that the 
pixel (i, j) is activated. Also, in this exemplary case, on 
the image bitmap, "m" corresponds to the auxiliary scan- 
ning direction and "n M corresponds to the main scanning 
direction. 

[0281] Here, the absolute value of a difference be- 
tween (i) the position (X/AX, Y/AY) (hereinafter referred 
to as the "MMA image* 1 ) obtained by dividing the afore- 
mentioned image center position (X,, Yp by the pixel 
pitches and (ii) the on-pixel (m on , n on ) on the image bit- 
map in a corresponding direction indicates a deviation 
of the center position of the MMA image from the center 
position of the on-pixel. 

[0282] Accordingly, this absolute value is compared 
with threshold values Thr m and Thr n (both positive num- 
bers) set as appropriate so as to respectively corre- 
spond to the main scanning and the auxiliary scanning 
with respect to each image center position (X,, Yp. In the 
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case where the absolute values in both of the main scan- 
ning direction and the auxiliary scanning direction are 
equal to or lower than the threshold values Thr. modu- 
lation is controlled so that the pixel (i. j) of the MMA 12 
is turned on. By doing so, it becomes possible to control 5 
the area ratio of an image to be recorded. 
[0283] That is. in the case where the following condi- 
tions are both satisfied, it becomes possible to control 
the area ratio of an image to be recorded by controlling 
modulation so that the pixel (i, j) of the MMA 12 is turned 10 
on and it becomes possible to correct the shading 
through the direct correction of an area ratio. 

|(X/AX)-m on |<Thr m ^ 

|<Y/AY)-n on |<Thr n 

[0284] For instance, in the case of Thr= 0.5, when the 20 
MMA image (X/AX, Yj/AY) exists within the on-pixel 
( m orv n on) of tne ima 9 e bitmap, the pixel (i, j) of the MMA 
12 is turned on. There is performed image recording in 
which the pixel is activated when the pixel center (dot) 
= image center position (X,, Yp as shown in FIGs, 6A to 25 
9 enters an image recording area, in other words, stand- 
ard image recording where the shading correction is not 
performed. 

[0285] On the other hand, inthecaseofThr=0.6, even 
if the MMA image comes out of the on-pixel of the image 30 
bitmap by an amount corresponding to 0.1 pixel, the pix- 
el is turned on. As a result, there is increased an area 
ratio. 

[0286] Conversely, in the case of Thr=0.4, if the MMA 
image does not exist within an area that is smaller than 35 
the on-pixel of the image bitmap by an amount corre- 
sponding to 0.1 pixel, the pixel is not turned on. As a 
result, the area ratio is reduced. 
[0287] No specific limitation is imposed on the method 
of generatingthe threshold values Thr. That is, threshold *o 
values Thr with which it is possible to correct the shading 
possessed by the optical system of the recording appa- 
ratus 10, need only be generated as appropriate in re- 
sponse to each pixel position. 

[0288] For instance, there Is examined a shading 43 
state under a standard state (threshold value Thr=0.5 
with which there is not performed correction) in ad- 
vance. For instance, there is examined the local fluctu- 
ations of an image area ratio (locality of a dot area ratio, 
in the case of a printing use). Then, this examined state so 
is expressed using a function of each image center po- 
sition (Xj, Yj) described above and is set as S(X,, Yp [%]. 
[0289] In the case where S(X,, Yp [%] is large, the im- 
age area ratio is increased by the shading. Therefore, 
Thr is reduced at a position at which S(X h Yp [%] is large 55 
and is conversely increased at a position at which S(X,, 
Yj) [%] is small. 

[0290] As an example, Thr may be calculated from the 



following equations. 

Th^(X|.Y J )-a m /S(X |( Y J ) + b m 

Thr n (X i ,Y j )=a n /S(X, Yp + b n 

[0291] It should be noted here that in the equations 
described above, a m , b m , a n , and b n are each a constant 
that is determined as appropriate in accordance with the 
optical system. 

[0292] In this example, one threshold value Thr is de- 
termined for each of the main scanning direction and the 
auxiliary scanning direction. However, the present in- 
vention is not limited to this. For instance, the same 
threshold value Thr may be used In both of the main 
scanning direction and the auxiliary scanning direction. 
[0293] It should be noted here that during image re- 
cording that uses two-dimensionally arranged light 
sources, in general, the shading has a directional prop- 
erty. Therefore, it is preferable that, like in this example, 
one threshold value Thr is determined for each of the 
main scanning direction and the auxiliary scanning di- 
rection. 

[0294] Also, in the example described above, there is 
performed judgment concerning the activation/deacti- 
vation of every pixel using the threshold values Thr. In 
the fifth embodiment of the present invention, aside from 
this judgment, there may be performed judgment con- 
cerning the activation/deactivation only of pixels in prox- 
imity to an image to be recorded using the threshold val- 
ues Thr. 

[0295] For instance, as described above, the judg- 
ment concerning the activation/deactivation may be per- 
formed in the manner described below. After an MMA 
image (X/AX, Y/AY) is obtained, an integer (int [X/AX], 
int [Yj/AY]) is obtained through rounding. This integer is 
compared with an on-pixel (m on , n on ) and the judgment 
concerning activation/deactivation may be performed 
through the comparison using the threshold values only 
for pixels in proximity to an image to be recorded. 
[0296] With this method, it becomes possible to per- 
form high-speed processing by reducing the calculation 
amount. 

[0297] Further, in the example described above, the 
threshold values are generated in accordance with the 
image center position (X jf Yj) of the shifted frame F at a 
time V, that is, in accordance with the pixel position on 
a focusing surface. However, the present invention is 
not limited to this and the threshold values may be cal- 
culated in response to another pixel position. 
[0298] For instance, as indicated by the dotted line in 
FIG. 27, the threshold values for shading correction at 
this pixel position may be generated in response to the 
center position (x, t yp of the pixel (i, j) of the MMA 12 so 
long as the shading is not significantly affected by the 
shifting of the frame F and is approximately uniquely de- 
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termined in response to each pixel position of the MMA 

12. 

[0299] As described above, in the fifth embodiment of 
the present invention, during the recording of one frame 
where the frame is made to remain stationary on the re- 
cording medium Pt through tracking, the frame F is shift- 
ed in a direction containing both the main and auxiliary 
components. By doing so, image recording is performed 
using the MMA 12 in a manner that is similar to scan 
exposure. Also, by directly adjusting the image area ra- 
tio, there is performed shading correction. 
[0300] Also, as shown in FIG. 13B that conceptually 
shows the movement of each pixel (mirror) of the MMA 
12 on the recording surface during the image recording 
shown in FiGs. 6A to 9 described above, when attention 
is given to the pixel position Pix of one pixel specified 
by an arrow, during the image recording of one frame, 
an image having 3x3=9 pixels is recorded for one pixel 
evenly in the main scanning direction and the auxiliary 
scanning direction. Accordingly, image recording at res- 
olution that is nine times as high as the resolution of the 
MMA Misperformed through the shifting of the frame F. 
[0301 ] Here, even in the recording apparatus 1 0 in the 
fifth embodiment of the present invention, like in the sec- 
ond embodiment of the present invention, no specific 
limitation is imposed on the shift directions and shift 
amounts in the main scanning direction and the auxiliary 
scanning direction when the shifting of the frame F is 
performed during the recording of one frame. That is, 
the shift directions and shift amounts need only be de- 
termined as appropriate in accordance with the resolu- 
tion and the like of an image to be recorded. Therefore, 
it is possible to use the methods described above. 
[0302] In this embodiment, like in the second embod- 
iment of the present invention, it is preferable that the 
shifting of the frame F is performed in units of the pixels 
(pixel pitch) of the MMA 1 2 so that the frame F is moved 
by at least one pixel in each of the auxiliary scanning 
direction and the main scanning direction. It is possible 
to perform this shifting using the same methods as 
above. 

[0303] In the fifth embodiment of the present inven- 
tion, by satisfying the conditions described above, it be- 
comes possible to improve the recording, resolution of 
the MMA 12 with efficiency and to suitably perform the 
shading correction by the image recording shown in 
FIGs. 5A to 10 and the like described above. Note that 
needless to say, no specific limitation is imposed on the 
correspondence between (i) the A direction and B direc- 
tion under the conditions described above and (ii) the 
main scanning direction and the auxiliary scanning di- 
rection. 

[0304] Like in the second embodiment of the present 
invention, no specific limitation is imposed on the meth- 
od of performing the shifting of the frame F (projection 
light) like this. That is, it is possible to use various kinds 
of methods. For instance, it is possible to use the same 
methods as above. 



[0305] As described in detail above, the recording ap- 
paratus 1 0 in the illustrated example according to each 
embodiment of the present invention performs the ex- 
posure of one frame while having the frame F remain 
5 stationary on the recording medium Pt through the track- 
ing scan. The main scanning direction and the auxiliary 
scanning direction coincide with the pixel array direc- 
tions of the MMA 1 2, that is, the A direction and B direc- 
tion described above. In this recording apparatus 10, as 
io a preferable example, the light deflector 16 that is a 
means for having the frame F track during the recording 
of one frame doubles as a means for shifting (moving) 
the frame F. Therefore, the deflection direction of the 
light deflector 1 6, that is, the deflection direction of pro- 
's jectton light from the MMA 12 as deflected by the light 
deflector 16 is slightly tilted toward the auxiliary scan- 
ning direction with respect to the main scanning direc- 
tion. 

[0306] By doing so, there is generated a relative 
speed difference between (i) the main scanning and the 
auxiliary scanning and (ii) the tracking speed of the 
frame F with respect to the recording medium Pt. As a 
result, the frame F is shifted in a direction containing 
both of the main and auxiliary components (that is, com- 
ponents in the A direction and the B direction) during the 
recording of one frame. 

[0307] Here, as an example, the deflection direction 
and the like as obtained by this light deflector 16 may 
be determined in accordance with a target shift amount 
and direction. Alternatively, the deflection direction and 
the like may be determined in accordance with the afore- 
mentioned angle Further, the deflection direction and 
the like may be determined in the manner described be- 
low. 

[0308] When the peripheral speed of the drum 22, that 
is, the main scanning speed is referred to as Vy, a po- 
sition Y(t) on the recording medium Pt in the main scan- 
ning direction (arrow Y direction) at a time T becomes 
"Y(t)=-VyT during the recording of one frame, as shown 
in FIG. 28A. 

[0309] On the other hand, the deflection speed on the 
recording medium Pt as obtained by the light deflector 
1 6 (galvano-mirror in the illustrated example) is referred 
to as "Vy"', a position Y'(t) of a pixel (pixel of the MMA 
12) on the recording medium Pt in the main scanning 
direction at a time T becomes ,, Y , (t)=-Vy , T' during the 
recording of one frame, as shown in FIG. 28A. Note that 
in the illustrated example, the light deflector 16 is the 
galvano-mirror, so that this light deflector 1 6 is rocked 
in an opposite direction and is placed at a position spec- 
ified by the alternate long and short dashed line at a 
point in time when a recording time period T has passed. 
[0310] Here, when the recording time period for one 
frame is referred to as T\ the shift amount in the main 
scanning direction during the aforementioned recording 
of one frame can be expressed by the following differ- 
ence AY between them. 
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AY=Y'(T)-Y(T) 
AY=-Vy'*T-(-VyT) 



Vy'=Vy-(AY/T) 

[031 1 ] On the other hand, during the recording of one 
frame, a position on the recording medium Pt in the aux- 
iliary scanning direction (arrow X direction) at a time T 
does not move. 

[031 2] On the other hand, when the auxiliary scanning 
speed by means of the auxiliary scanning drive system 
20 is referred to as "Vx", a position X(t) in the auxiliary 
scanning direction of a pixel at a time T resulting from 
the auxiliary scanning speed becomes "X(t)=Vx*t", as 
shown in FIG. 28B. Further, when the speed at which a 
pixel is moved in the auxiliary scanning direction by the 
light deflector 16 is referred to as "Vx ,M , a position X*(t) 
in the auxiliary scanning direction of a pixel at a time T 
resulting from the auxiliary scanning speed becomes a X' 
(t)=Vx'T, as shown in FIG. 28B. 
[0313] In a like manner, when the recording time pe- 
riod for one frame is referred to as "T, the shift amount 
in the auxiliary scanning direction during the aforemen- 
tioned recording of one frame can be expressed by the 
following difference AX between them, 

AX=X' (T)-X(T) 



AX=Vx*T-Vx"T 



Vx*=Vx-(AX/T) 

[0314] When viewed from the optical system (MM A 
1 2), a position on the recording medium Pt is determined 
by the auxiliary scanning speed Vx and the peripheral 
speed Vy of the drum 22. 

[0315] Accordingly, as shown in FIG. 28C, during the 
recording of one frame whose recording time period is 
T\ the setting of the light deflector 16 is performed so 
that deflection is performed from a point determined by 
Vx*T and Vy*T based on the main scanning speed and 
the auxiliary scanning speed toward a position dis- 
placed by AX and AY corresponding to target shift 
amounts. 

[0316] Here, when an angle between the main scan- 
ning direction and the deflection direction as obtained 
by the light deflector 16 is referred to as N 6" and the de- 
flection speed in the light deflector 1 6 is referred to as 
"Vg", the following relations are obtained. 



M Vx'=Vg'sine" 



5 w Vy'=Vg*cose" 

[0317] Accordingly, the following equations are ob- 
tained. 

w 

Tan8=(Vx7Vy') 
=[Vx-(AX/T)]/[Vy-(AYfr)] 
= (Vx*T-AX)/([Vy«T-AY] 

[0318] That is, by setting the angle of the light deflec- 
tor 16, the main scanning speed (rotation speed of the 
drum 22), the auxiliary scanning speed, and the like so 
that these equations are satisfied, it becomes possible 
to perform the shifting of the frame F that contains both 
of the target main scanning direction and auxiliary scan- 
ning direction (A direction and B direction) during the 
recording of one frame. 

[0319] Here, in the preferred embodiments of the 
present invention, as described above, it does not mat- 
ter whether the direction in which the frame F is shifted 
is the forward direction or opposite direction with respect 
to the main/auxiliary scanning directions. Accordingly, 
AX and AY are capable of assuming both of a positive 
value and a negative value. That is, in accordance with 
the direction in which the frame F is shifted, the angle 
of the light deflector 1 6 and the like need only be set so 
that the following equation is satisfied. 

Tan0= (VxT±AX)/([Vy*T+AY]) 

[0320] The method with which the frame F to be de- 
flected by the light deflector 16 is shifted through the 
tracking scan like this during image recording that per- 
forms the recording (exposure) of one frame while hav- 
ing the frame F remain stationary on the recording me- 
dium Pt, is not limited to the method with which the light 
deflector 16 is tilted. That is, it is possible to use various 
kinds of methods. 

[0321 ] For instance, the deflection direction of the pro- 
jection light may be changed (rotated) and the shifting 
of the frame F may be performed by using an image ro- 
tator element such as a dove prism, causing projection 
light deflected by the light deflector 1 6 to enter the image 
rotator element, and adjusting the rotation angle of the 
image rotator element. 

[0322] FIG. 29 collectively shows the relations be- 
tween (i) the rotation angles (0°, 90°, 180°, and 270 3 ) 
of the dove prism, an image rotator prism, and a pechan 
prism and (ii) the changing of an optical path of incident 
light (that is, the state of the shifting of the frame F). Note 
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that even by combining three mirrors, it becomes pos- 
sible to perform the shifting (rotation) of the projection 
light like in the case of the image rotator prism. 
[0323] Also, the frame F may be shifted by mounting 
the light deflector 16 on a gonio-stage (swing stage) 
having a rotation axis that optically coincides with the 
optical axis of the focusing lens 18. by rotating the light 
deflector 1 6 through the angle adjustment of the gonio- 
stage, and by adjusting the deflection direction of the 
projection light. 

[0324] Further in place of this gonio-stage, a regulat- 
ing member such as a pin may be provided at a position 
corresponding to the rotation center of the gonio-stage. 
In this case, the frame F is shifted by regulating the ro- 
tation of the light deflector 16, pushing and pulling the 
light deflector 16 at a position separated from the regu- 
lating member, and adjusting the rotation of the light de- 
flector 1 6. 

[0325] The image recording method and the image re- 
cording apparatus according to the present invention 
have been described in detail above based on various 
kinds of embodiments. However the present invention 
is not limited to the embodiments described above and, 
needless to say, it is possible to make various kinds of 
changes or modifications without departing from the gist 
of the present invention. 

[0326] For instance, the examples described above 
relate to an image recording apparatus that performs the 
tracking scan where an image for one frame is recorded 
by having projection light (frame) remain stationary on 
the recording medium through the deflection of the pro- 
jection light from the two-dimensionally arranged light 
sources. However, the present invention is not limited 
to this. For instance, it is also possible to suitably apply 
the present invention to image recording shown in FIG. 
29 described above where multiple-exposure is per- 
formed by having the projection light from the two-di- 
mensionally arranged light sources remain stationary on 
a recording material through the movement (shifting) of 
an image at the two-dimensionally arranged light sourc- 
es. 

[0327] In this case, as an example, the shifting of the 
same image from a pixel column on the uppermost 
stream side to a pixel column on the lowermost stream 
side in the main scanning direction of the two-dimen- 
sionally arranged light sources can be regarded as one 
frame in the aforementioned example and the frame can 
be moved in a direction containing both of the main and 
auxiliary components during the image recording for 
one frame in a like manner. 

[0328] Also, the present invention is not limited to a 
method with which one imago is recorded by two-dimen- 
sionally disposing the image of one frame through the 
main scanning and auxiliary scanning like in the afore- 
mentioned example. For instance, one image may be 
recorded through the image recording of one frame. 
[0329] Further, in the illustrated example, the projec- 
tion light from the two-dimensionally arranged light 



sources is shifted in the direction containing compo- 
nents in both (main and auxiliary) pixel array directions 
of the two-dimensionally arranged light sources. How- 
ever, the present invention is not limited to this. For in- 
5 stance, the projection light may be shifted only in one of 
the (main/auxiliary) pixel array directions. In this case, 
resolution may be arbitrarily changed only in this direc- 
tion, or the correction of shading may be performed only 
in this direction. 

10 [0330] For instance, in each example described 
above, the shift pixel number in the B direction is greater 
than the shift pixel number in the A direction, although 
the present invention is not limited to this. As is apparent 
by observing each drawing from the horizontal direction, 

is even if the shift amount in the A direction is larger, it is 
possible to obtain completely the same effect. Note that 
in the case where there are performed the main scan- 
ning and the auxiliary scanning in the illustrated exam- 
ple, no specific limitation is imposed on the correspond- 

20 ence between (i) the A direction and the B direction and 
(ii) the main scanning direction and the auxiliary scan- 
ning direction, as described above. 
[0331] Also, in each example described above, the 
shifting is performed in the tower-left direction in the 

25 drawings. However, the present invention is not limited 
to this. As is apparent by observing each drawing 
through the rotation of the drawing or by observing each 
drawing from the underside, it is possible to obtain com- 
pletely the same effect even if the shifting direction is 

30 the rightward direction or the upward direction. 

[0332] Also, in the examples described above, there 
has been mainly described the adjustment of an image 
area ratio, such as a dot area ratio in the case of a print- 
ing use. However, the present invention is not limited to 

35 this. 

[0333] For instance, in a recording apparatus of pho- 
to-fabrication type etc., there is a case where the micro- 
scopic size of a portion that will be hardened through 
exposure varies due to the local fluctuations of the spot 

40 shape of a pixel to be focused. Even in this case, it be- 
comes possible to produce a suitable fabricated article, 
in which the variations described above have been cor- 
rected by shifting the frame F using the two-dimension- 
ally arranged light sources and by appropriately setting 

*5 the threshold value concerning the activation/deactiva- 
tion of each pixel in accordance with a position. 
[0334] As has been described in detail above, accord- 
ing to the first, second, and third embodiments of the 
present invention, during image recordingthat usestwo- 

50 dimensionally arranged light sources including optical 
recording elements disposed in a two-dimensional man- 
ner, such as the combination of a light source and a spa- 
tial light modulator like a micromirror array (MMA) or a 
light source in which point light sources like LEDs are 

55 disposed in a two-dimensional manner, it becomes pos- 
sible to perform image recording at a plurality of arbitrary 
resolutions and also to record a high-quality image from 
which adverse effects of the distortion aberration pos- 
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sessed by an optical system or the like have been elim- 
inated. 

[0335] Also, as has been described in detail above, 
according to the fourth embodiment of the present in- 
vention, during the image recording that uses the afore- s 
mentioned two-dimensionally arranged light sources in- 
cluding optical recording elements disposed in a two- 
dimensional manner, it becomes possible to obtain a 
high-quality image where there exists no error in reso- 
lution caused by an error in the optical system from a io 
design value or the like and there exists no image dis- 
tortion caused by the distortion aberration of the optical 
system and the like. 

[0336] Also, as has been described in detail above, 
according to the fifth embodiment of the present inven- is 
tion, during the image recording that uses the aforemen- 
tioned two-dimensionally arranged light sources includ- 
ing optical recording elements disposed in a two-dimen- 
sional manner, it becomes possible to record an image 
in which shading has been suitably corrected and to 20 
record a high-quality image in which there exists no local 
fluctuation of an image area ratio or the like. In the case 
of a printing use or the like, for instance, it becomes pos- 
sible to produce a printing plate with a high imago quality 
in which the locality of a dot area ratio is extremely re- 25 
duced. 



Claims 

1 . An image recording method for recording an image 
formed by a group of light source elements dis- 
posed in a two-dimensional manner on a recording 
medium, comprising: 

35 

moving an image recording position on the re- 
cording medium by the group of light source el- 
ements in a direction that contains a compo- 
nent in at least one of two-dimensional dispos- 
ing directions of the group of light source ele- *o 
ments during the recording in accordance with 
a set magnification for changing resolution per 
recording pixel of the group of light source ele- 
ments; and 

modulating, In response to the movement, each 
recording pixel of the group of light source ele- 
ments in accordance with an image to be re- 
corded to record the image on the recording 
medium. 

50 

2. An image recording apparatus comprising: 

two-dimensionally arranged light sources in- 
cluding a group of light source elements corre- 
sponding to recording pixels arranged in a two- 55 
dimensional manner 

a moving means for moving an image recording 
position on a recording medium by the group of 



light source elements in a direction that con- 
tains a component in at least one of recording 
pixel array directions of the group of light 
source elements during the recording in ac- 
cordance with a set magnification for changing 
resolution per recording pixel of the group of 
light source elements of the two-dimensionally 
arranged light sources; and 
a modulating means for modulating each re- 
cording pixel of the group of light source ele- 
ments in accordance with an image to be re- 
corded in response to the movement of the im- 
age recording position by the moving means. 

3. The image recording apparatus according to claim 
2, wherein the moving means moves the image re- 
cording position in a direction that contains compo- 
nents in both of the recording pixel array directions 
of the group of light source elements of the two-di- 
mensionally arranged light sources. 

4. The image recording apparatus according to claim 
2 or 3, wherein; 

the moving means moves the image recording 
position in units of the recording pixels of the 
group of light source elements of the two-di- 
mensionally arranged light sources; and 
the image recording position is moved by b pix- 
els if the image recording position is moved in 
an A direction and is moved by a pixels if the 
image recording position is moved in a B direc- 
tion where one of the recording pixel array di- 
rections of the group of light source elements 
is the A direction, the other of the recording pix- 
el array directions is the B direction, a resolu- 
tion changing magnification in the A direction is 
a, and a resolution changing magnification in 
the B direction is b. 

5. The image recording apparatus according to claim 
4, wherein the modulating means performs modu- 
lation ax b times through equal time-division during 
the moving of the image recording position by the 
moving means. 

6. The image recording apparatus according to claim 
4 or 5, wherein the modulating means performs the 
movement of the image recording position such that 
it is moved by b pixels if the image recording posi- 
tion is moved in the A direction and is moved by a 
pixels if the image recording position is moved in 
the B direction. 

7. The image recording apparatus according to any 
one of claims 4 to 6, wherein a moving pixel number 
in the A direction and a moving pixel number in the 
B direction are alternatively set to one and an inte- 
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ger equal to or larger than two or are set to integers 
that are equal to or larger than one and are prime 
to each other. 

8. The image recording apparatus according to any 5 
one of claims 2 to 7, further comprising: 

a main scanning means for relatively moving 
the two-dimensionally arranged light sources 
and the recording medium in a main scanning io 
direction that coincides with one of the record- 
ing pixel array directions of the group of light 
source elements of the two-dimensionally ar- 
ranged light sources; 

an auxiliary scanning means for relatively mov- *5 
ing the two-dimensionally arranged light sourc- 
es and the recording medium in an auxiliary 
scanning direction perpendicular to the main 
scanning direction; and 

a tracking means for allowing the image record- 20 
ing position by the two-dimensionally arranged 
light sources to track the relative movement of 
the two-dimensionally arranged light sources 
and the recording medium by the main scan- 
ning means. 2s 

wherein an image is recorded by disposing 
images by the two-dimensionally arranged light 
sources in the main scanning direction and the aux- 
iliary scanning direction. 30 

9. The image recording apparatus according to claim 
8, wherein the main scanning direction and the aux- 
iliary scanning direction coincide with the A direc- 
tion and the B direction, respectively. 35 

10. An image recording apparatus comprising: 

two-dimensionally arranged light sources in- 
cluding a group of light source elements corre- *o 
spending to recording pixels arranged in a two- 
dimensional manner; 

a main scanning means for relatively moving 
the two-dimensionally arranged light sources 
and a recording medium in a main scanning di- *s 
rection that coincides with one of recording pix- 
el array directions in the group of light source 
elements of the two-dimensionally arranged 
light sources; 

an auxiliary scanning means for relatively mov- so 
ing the two-dimensionally arranged light sourc- 
es and the recording medium in an auxiliary 
scanning direction perpendicular to the main 
scanning direction; 

a tracking means for allowing an image record- 55 
ing position by the group of light source ele- 
ments of the two-dimensionally arranged light 
sources to track the relative movement of the 



two-dimensionally arranged light sources and 
the recording medium: 

a moving means for moving the image record- 
ing position by the two-dimensionally arranged 
light sources in a direction that contains a com- 
ponent in at least one of the main scanning di- 
rection and the auxiliary scanning direction by 
giving a relative speed difference between the 
tracking by the tracking means and the relative 
movement of the two-dimensionally arranged 
light sources and the recording medium; and 
a modulating means for modulating each re- 
cording pixel of the group of light source ele- 
ments of the two-dimensionally arranged light 
sources in accordance with an image to be re- 
corded in response to the movement of the im- 
age recording position by the moving means. 

11. The image recording apparatus according to claim 
10, wherein the moving means moves the image 
recording position in a direction that contains com- 
ponents in both of the recording pixel array direc- 
tions of the group of light source elements of the 
two-dimensionally arranged light sources. 

12. The image recording apparatus according to claim 
1 0 or 1 1 , wherein the tracking means and the mov- 
ing means are a light deflector that deflects projec- 
tion light of the two-dimensionally arranged light 
sources at an angle with respect to the main scan- 
ning direction. 

13. The image recording apparatus according to claim 
1 0 or 1 1 , wherein the modulating means doubles as 
the tracking means by moving image display by the 
two-dimensionally arranged light sources in the 
main scanning direction. 

14. The image recording apparatus according to any 
one of claims 1 0 to 1 3, wherein, provided that a rel- 
ative moving speed by the main scanning means is 
Vy, a relative moving speed by the auxiliary scan- 
ning means is Vx, a time taken to move the image 
recording position by the moving means is T, an an- 
gle between the moving direction of the image re- 
cording position by the moving means and the main 
scanning direction is 6, a moving distance of the im- 
age recording position by the moving means in the 
main scanning direction is AY, and a moving dis- 
tance of the image recording position by the moving 
means in the auxiliary scanning direction is AX, the 
following equation is satisfied, 

tane = (VxT ± AX) / (VyT ± AY). 

15. An image recording method for recording an image 
formed by a group of light source elements dis- 
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posed in a two-dimensional manner on the record- 
ing medium, comprising: 

moving an image recording position by the 
group of light source elements on a recording $ 
medium in a direction that contains a compo- 
nent in at least one of two-dimensional dis- 
posed directions of the group of light source el- 
ements during the recording; and 
modulating, in response to this movement, to 
each recording pixel of the group of light source 
elements in accordance with an image to be re- 
corded to record the image on the recording 
medium. 

15 

16. ' An image recording apparatus comprising: 

two-dimensionally arranged light sources in- 
cluding a group of light source elements corre- 
sponding to recording pixels arranged in a two- 20 
dimensional manner; 

a moving means for moving an image recording 
position by the group of light source elements 
of the two-dimensionally arranged light sources 
on a recording medium in a direction that con- 25 
tains a component in at least one of recording 
pixel array directions of the group of light 
source elements of the two-dimensionally ar- 
ranged light sources during recording; and 
a modulating means for, in response to the 20 
movement of the image recording position by 
the moving means, modulating each recording 
pixel of the group of light source elements of 
the two-dimensionally arranged light sources in 
accordance with an image to be recorded. 35 

17. The image recording apparatus according to claim 
16, wherein the moving means moves the image 
recording position in a direction that contains com- 
ponents in both of the recording pixel array direc- 40 
tions of the group of light source elements of the 
two-dimensionally arranged light sources. 

18. The image recording apparatus according to claim 

1 6 or 1 7, wherein, provided that one of the recording 49 
pixel array directions of the group of light source el- 
ements of the two-dimensionally arranged light 
sources is an A direction, the other of the recording 
pixel array directions is a B direction, a* recording 
pixel pitch in the A direction is Ap, a recording pixel so 
pitch in the B direction is Bp, a moving amount of 
the image recording position by the moving means 
in the A direction is As, a moving amount of the im- 
age recording position by the moving means in the 
B direction is Bs, As/Ap=m, and Bs/Bp=n, rn and n 55 
are each an integer equal to or larger than one. 

19. The image recording apparatus according to claim 



1 8, wherein m and n are alternatively set to one and 
an integer equal to or larger than two, or are set to 
integers that are equal to or larger than one and are 
prime to each other. 

20. The image recording apparatus according to claim 
18 or 19, wherein the modulating means performs 
the modulation a number of times, which is square 
of greater one of m and n, through equal time-divi- 
sion during the movement of the image recording 
position by the moving means. 

21. The image recording apparatus according to claim 
18 or 1 9, wherein when Ap/and Bp differ from each 
other and t that is an integer is obtained under a 
condition of Bp/m=q and Ap/q=t when m>n and is 
obtained under a condition of Ap/n=q and Bp/q=t 
when m<n, during the movement of the Image re- 
cording position by the moving means, the modu- 
lating means performs the modulation m*t times 
through the equal time-division when m>n and per- 
forms the modulation n*t times through the equal 
time-division when m<n. 

22. The image recording apparatus according to any 
one of claims 16 to 21 , further comprising: 

a means for performing main scanning where 
the two-dimensionally arranged light sources 
and the recording medium are relatively moved 
in a direction; 

a means for performing auxiliary scanning 
where the two-dimensionally arranged light 
sources and the recording medium are relative- 
ly moved in an auxiliary scanning direction per- 
pendicular to the main scanning direction; and 
a tracking means for allowing the image record- 
ing position by the two-dimensionally arranged 
light sources approximately to track the main 
scanning and the auxiliary scanning, wherein: 

an image is recorded by disposing images 
by the two-dimensionally arranged light 
sources in the main scanning direction and 
the auxiliary scanning direction; and 
the image recording position is moved by 
a relative speed difference between the ap- 
proximate tracking by the tracking means 
and at least one of the main scanning and 
the auxiliary scanning. 

23. The image recording apparatus according to claim 
22, wherein the main scanning direction and the 
auxiliary scanning direction coincide with the A di- 
rection and the B direction. 

24. An image recording method for recording an image 
formed by a group of light source elements dis- 
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posed in a two-dimensional manner on the record- 
ing medium, comprising: 

moving an image recording position by the 
group of light source elements on a recording 
medium in a direction that contains a compo- 
nent in at least one of two-dimensional dis- 
posed directions of the group of light source el- 
ements during the recording; and 
modulating, in response to this movement, 
each recording pixel of the group of light source 
elements in accordance with an image to be re- 
corded by taking, into consideration, a differ- 
ence between an actual position of an image of 
the group of light source elements of the two- 
dimensionally arranged light sources on the re- 
cording medium and an ideal position of the 
two-dimensionally arranged light sources on 
. the recording medium to record the image on 
the recording medium. 

25. An image recording apparatus comprising: 

two-dimcnsionally arranged light sources in- 
cluding a group of light source elements corre- 
sponding to recording pixels arranged in a two- 
dimensional manner; 

a moving means for moving an image recording 
position by the group of light source elements 
of the two-dimensionally arranged light sources 
on a recording medium in a direction that con- 
tains a component in at least one of recording 
pixel array directions of the group of light 
source elements of the two-dimensionaily ar- 
ranged light sources during recording; and 
a modulating means for, in response to the 
movement of the image recording position by 
the moving means, modulating each recording 
pixel of the group of light source elements of 
the two-dimensionally arranged light sources in 
accordance with an image to be recorded by 
taking, into consideration, a difference between 
an actual position of an image of the group of 
light source elements of the two-dimensionally 
arranged light sources on the recording medi- 
um and an ideal position of the group of light 
source elements of the two-dimensionally ar- 
ranged light sources on the recording medium. 

26. The image recording apparatus according to claim 
25, wherein the modulating means performs the 
modulation using a function that shows a difference 
between a preset actual position of the image of the 
group of light source elements of the two-dimen- 
sionally arranged light sources on the recording me- 
dium and the ideal position of the group of light 
source elements of the two-dimensionally arranged 
light sources on the recording medium. 



27. The image recording apparatus according to claim 
26. wherein the function changes with time. 

28. The image recording apparatus according to any 
5 one of claims 25 to 27, wherein the modulating 

means performs the modulation by one of (i) map- 
ping the image by the group of light source elements 
of the two-dimensionally arranged light sources on 
the recording medium and (ii) mapping a pattern, 
10 which should be recorded on the recording medium, 
on the group of light source elements of the two- 
dimensionally arranged light sources. 

29. An image recording method for recording an image 
is formed by a group of light source elements dis- 
posed in a two-dimensional manner on a recording 
medium, comprising: 

moving an image recording position by the 
20 group of light source elements on the recording 

medium in a direction that contains a compo- 
nent in at least one of two-dimensional dispos- 
ing directions of the group of light source ele- 
ments during the recording; and 
25 modulating, in response to this movement, 

each recording pixel of the group of light source 
elements in accordance with an image to be re- 
corded based on a threshold value set based 
on a pixel position to record the image on the 
30 recording medium. 

30. An image recording apparatus comprising: 

two-dimensionally arranged light sources in- 
35 eluding a group of light source elements corre- 

sponding to recording pixeis arranged in a two- 
dimensional manner; 

a moving means for, during the recording, mov- 
ing an image recording position on a recording 

40 medium by the group of light source elements 

of the two-dimensionally arranged light sources 
in a direction that contains a component in at 
least one of recording pixel array directions of 
the group of light source elements of the two- 

45 dimensionally arranged light sources; and 

a modulating means for, in response to the 
movement of the image recording position by 
the moving means, modulating each recording 
pixel of the group of light source elements of 

50 the two-dimensionally arranged light sources in 

accordance with an image to be recorded 
based on a threshold value set based on a pixel 
position. 

55 31. The image recording apparatus according to claim 
30, wherein the moving means moves the image 
recording position in a direction that contains com- 
ponents in both of the recording pixel array direc- 
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tions of the group of light source elements of the 
two-dimensionally arranged light sources. 

32. The image recording apparatus according to claim 
30 or 31 , further comprising: 5 

a main scanning means for relatively moving 
the two-dimensionally arranged light sources 
and the recording medium in a main scanning 
direction that coincides with one of the record- io 
ing pixel array directions in the group of light 
source elements of the two-dimensionally ar- 
ranged light sources; 

an auxiliary scanning means for relatively mov- 
ing the two-dimensionally arranged light sourc- ^ 
es and the recording medium in an auxiliary 
scanning direction perpendicular to the main 
scanning direction; and 
a tracking means for allowing the image record- 
ing position by the two-dimensionally arranged 20 
light sources to track the relative movement of 
the two-dimensionally arranged light sources 
and the recording medium by the main scan- 
ning means, 



wherein an image is recorded by disposing 
images by the two-dimensionally arranged light 
sources in the main scanning direction and the aux- 
iliary scanning direction. 
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2. Claims: 10-14,15-23 

An image recording apparatus comprising two-dimensional ly 
arranged light sources, main and auxiliary scanning means, 
tracking means and moving means for moving the image 
recording position by giving a relative speed difference 
between the tracking and the relative movement of the light 
sources and the recording medium. 



3. Claims: 24-28, 15-23 

An image recording apparatus (and corresponding method) 
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An image recording apparatus (and corresponding 
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moving means and modulating means for modulating each pixel 
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